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FOREWORD 

The  need  of  a  respite,  after  a  continuous  activity  of  fifteen 
years,  led  me  in  1919  to  the  Rockies  of  Colorado — but  the 
stimulating  climate  would  not  permit  of  complete  relaxation. 

Perhaps  it  was  the  vastness  of  the  outlook  from  the  mountains 
that  led  me  to  take  a  broader  view  of  the  problems  involved  in 
the  work  I  had  left  behind — problems  that  had  been  faced  too 
closely  in  the  daily  routine  to  be  seen  in  proper  perspective. 

In  such  an  atmosphere,  there  came  to  me  the  thought  of  a 
better  use,  through  orderly  co-ordination,  of  the  great  forces 
used  in  the  electric  utility  field  for  the  benefit  of  its  dependents 
— the  more  important  ones  of  which  were  industry  and 
transportation. 

In  our  profession,  we  have  been  building  fast  and  building 
well,  but  not  always  in  co-ordination. 

There  is  virtue  in  our  national  motto  e  plurihus  unum — too 
frequently  forgotten. 

The  thought  came  to  me  that  we  needed  greater  confidence 
in  each  other,  more  unity  of  effort  and  broader  co-ordination  in 
power  production  and  utilization.  To  express  this,  the  composite 
word  superpower  suggested  itself.  Its  meaning  has  been 
perhaps  intentionally  misrepresented  and  misunderstood  by  some 
who  have  tried  to  read  into  the  name  the  thought  of  a  giant 
controlling  corporation,  whereas  that  is  obviously  not  its  intent. 
Perhaps  interconnection  would  have  been  a  happier  word,  yet 
this,  too,  could  have  been  misinterpreted  by  willing  critics. 

The  great  advantage  of  superpower  lies  in  its  utihzation  of  the 
law  of  diversity  economy.  No  two  industries  and  no  two  towns 
create  identically  co-incident  demand  for  power  and  no  two  gener- 
ating units  produce  their  power  at  equal  cost — hence  if  many 
industries  and  towns  are  on  interconnected  lines,  existing  and 
new  power  plants  are  able  to  give  a  more  adequate,  reliable,  and 
economic  service,  since  marked  savings  can  be  effected  in  annual 
investment  and  operating  costs.  Reserve  equipment,  which  is 
normally  idle  and  non-productive,  can  be  greatly  reduced,  with 
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complete  safety  to  continuity  of  service.  Costly  interruptions 
from  breakdowns  are  likewise  eliminated. 

Returning  to  the  East  with  these  thoughts,  I  found  ready  lis- 
teners and  wilUng  helpers.  Presenting  these  views  to  the 
national  engineering  societies,  their  prompt  endorsement  encour- 
aged me  to  bring  the  matter  before  the  American  public,  and 
finally  the  matter  was  presented  before  Congress,  with  the 
request  that  there  be  created  a  Commission  to  study  the  possi- 
bilities of  superpower  in  the  Boston-Washington  Zone.  The 
investigation  was  authorized  by  Congress  and  a  Commission 
created,  of  which  I  had  the  honor  to  be  appointed  Chairman, 
with  authority  to  appoint  its  engineering  staff.  In  addition  to 
the  Government  appropriation  of  $125,000,  the  Secretary  of  the 
Interior  invited  private  subscriptions  to  enlarge  the  fund. 
There  was  a  hberal  response  to  this  request. 

The  co-operation  of  the  industries,  the  railroads,  and  the 
electric  utility  companies  affected  was  unstinted,  and  the  efforts 
of  the  organized  staff  was  supplemented  by  the  voluntary  aid 
rendered  by  the  leading  executives  and  engineers  of  the  interested 
groups.  Various  departments  of  the  Government  added  their 
important  and  necessary  aid. 

An  Advisory  Board  under  the  leadership  of  Prof.  Lester  P. 
Breckenridge,  head  of  the  Department  of  Mechanical  Engineer- 
ing, Yale  University,  and  well  known  as  a  Consulting  Engineer 
in  the  power  field,  was  kept  fully  informed  of  progress,  and  the 
active  interest  of  many  of  the  members  led  to  constructive  criti- 
cism during  the  course  of  the  Survey. 

The  investigation  was  begun  on  July  1,  1920,  and  completed 
within  one  year,  the  report  being  presented  on  June  30,  1921. 
It  was  promptly  published  by  the  Government  in  a  quarto  volume 
of  261  pages  with  21  plate  maps  and  61  chart  and  diagram 
illustrations. 

It  is  known  as  Professional  Paper  123  U.  S.  Geological  Survey, 
Department  of  the  Interior. 


AUTHOR'S  SOLILOQUY 

To  present  a  subject  orally  to  an  audience  requires  only  phys- 
ical courage,  a  good  subject,  and  a  convincing  manner. 

To  consent  to  be  the  author  of  a  book  involving  both  engineer- 
ing and  economic  problems  requires  moral  courage,  together  with 
an  intimate  knowledge  of  the  subject  and  an  ability  to  present 
the  facts  logically  and  understandingly;  thus  the  generalities  of 
a  talk  must  be  replaced  by  an  accurate  array  of  facts  that  can 
bear  critical  analysis. 

To  me  the  creation  of  a  book  of  this  character  can  be  likened 
to  the  building  of  a  lighthouse,  which  must  be  designed  by  the 
architect  to  serve  its  peculiar  requirements  in  due  keeping  with 
the  best  existing  practices  in  the  art,  be  erected  on  a  firm  founda- 
tion, and  finally,  at  its  apex,  be  crowned  with  a  beacon  light 
to  show  the  way  to  the  navigator  seeking  a  safe  course  in  strange 
waters. 

Knowing  that  these  are  precepts  of  an  ideal  nature  the  author, 
conscious  of  his  own  limitations,  has  in  many  places  found 
himself  occupying  the  position  of  interpreter  of  the  minds  of 
some  of  the  leaders  in  this  great  superpower  movement. 

It  is  proper  to  say  that,  thus  far,  in  soliloquy,  the  thoughts  of 
the  author  were  in  forecast.  The  book  has  since  been  finished. 
Therefore,  his  soliloquy  can  be  concluded  in  retrospect.  While 
his  retrospect  confirms  the  limitations  surmised,  and  while  he 
has  been  conscious,  as  has  been  the  case  also  before  when  discuss- 
ing superpower  in  oral  addresses,  of  the  wealth  of  data  and  the 
necessity  of  their  sequence  in  presentation,  this  experience  has 
taught  him  to  appreciate  the  true  meaning  of  the  words  "Service 
is  the  rent  we  pay  for  the  space  we  occupy."  In  that  spirit, 
and  with  the  knowledge  that  Engineering  and  Construction  lie 
at  the  very  roots  of  Superpower,  yet  to  have  dealt  exclusively 
with  these  two  elements  would  have  made  the  book  a  purely 
engineering  treatise  and  would  have  defeated  the  purpose  of  the 
author  in  seeking  to  interpret  Superpower  in  its  economic  and 
social  aspects. 


VUi  AUTHOR'S  SOLILOQUY 

Finally,  to  those  who  may  travel  through  the  pages  which 
follow,  may  he  say  that  he  is  strong  in  the  faith  that  power  is  the 
father  of  all  accomplishment — moral,  intellectual,  and  physical; 
strong  in  the  faith  that  electricity  is  its  greatest  agent  and  that 
he  beheves  the  primaries  of  today  are  to  be  the  secondaries  of 
tomorrow. 

In  the  knowledge  of  these  truths,  without  straining,  he  can 
see  the  forefinger  of  the  hand  of  destiny  pointing  to  electricity 
as  a  means  of  insuring  more  adequate,  more  reliable,  and  more 
economic  power  and  transportation — the  two  essential  adjuncts 
upon  which  a  nation  must  rely  to  develop  its  industry,  its  credit, 
and  its  happiness. 
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SUPERPOWER 

ITS  GENESIS  AND  FUTURE 

CHAPTER  I 
POWER 

Three  horsepower  is  the  average  amount  of  mechanical 
power  back  of  the  industrial  worker  in  the  United  States. 
Less  than  half  as  much  is  available  to  the  worker  in  other 
countries. 

Since  a  nation's  utilization  of  power  is,  in  effect,  an  index 
to  its  wage  scale  and  its  standard  of  living,  it  is  highly 
important  that  we  continue  to  develop  our  power  resources 
to  the  utmost.  Only  by  so  doing  can  we  expect  to  main- 
tain our  industrial  supremacy  and  further  the  well  being  of 
our  people.  To  do  so  most  efficaciously,  furthermore, 
entails  continued  development  of  our  most  valuable  power 
agent,  electricity.  Wider  and  more  general  distribution 
of  electric  energy  from  sources  of  supply  is  essential. 
Economy  in  production  is  important.  The  chief  needs  are, 
however,  adequacy  and  reliability  of  service. 

In  far  less  than  the  span  of  a  life  time,  electricity,  this 
most  potent  factor  in  modern  advancement,  has  emerged 
from  the  laboratory  of  the  scientist  to  become  the  agency 
that  has  done  much  to  relieve  the  arduousness  of  manual 
tasks  and  to  bring  comforts  and  advantages  to  the  worker 
that  were  undreamed  of  half  a  century  ago. 

The  1924  production  of  53,937,400,000  kilowatt-hours  of 
electrical  energy  by  the  electric  service  stations  required  a 
generating  capacity  of  20,000,000  kilowatts  (26,800,000 
horsepower)  (see  Fig.  1).  Approximately  66  per  cent  of 
this  energy  was  generated  by  fuel — entailing  the  consump- 
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tion  of  some  43,130,000  tons  of  coal  or  other  fuel — and 
34  per  cent  by  water  power.  This  output  equaled  the 
combined  total  of  all  other  countries. 

The  24,000,000,000  kilowatt-hours  produced  in  1919 
by  use  of  fuel  required  38,880,000  tons  of  coal,  or  its 
equivalent  in  other  fuel — 12,000,000  tons  more  than  would 
have  been  required  had  the  same  degree  of  efficiency  in 
power  production  been  realized  then  as  pertained  in  1924. 


This  additional  fuel  would  suffice  to  generate  electrical 
energy  equal  to  the  total  produced  in  1912.  In  other  words, 
in  the  brief  span  of  five  years  a  saving  of  31.8  per  cent  has 
been  realized  in  the  consumption  of  fuel  in  power  produc- 
tion by  electric  service  stations.  The  improvement  in 
the  last  24  years  is  shown  in  the  accompanying  sketch. 
So  important  has  been  the  part  played  by  power  in  the 
country's  development  and  so  beneficial  have  the  results 
been,  in  fact,  that  there  can  now  be  no  doubt  in  the  mind 


4  SUPERPOWER— ITS  GENESIS  AND  FUTURE 

of  anyone  that  power  more  adequately  supplied,  more 
reliably  generated  and  distributed,  and  produced  at  a 
lower  unit  cost  would  prove  of  untold  value  to  the  nation, 
its  people,  and  its  prosperity.  It  is  the  attainment  of 
just  these  desirable  results  that  is  the  objective  of  the 
''Superpower"  movement. 

Superpower  is,  in  reality,  merely  a  better  power  supply 
than  is  now  available  and  its  three  cardinal  principles  are: 

1.  Power  more  adequately  generated. 

2.  Power  more  rehably  generated  and  distributed. 

3.  Power  generated  at  a  lower  cost. 

In  order  that  these  attainments  may  be  most  readily 
effected,  the  following  facts  must  be  recognized : 

a.  Maximum  commercial  efficiency  in  the  generation, 
transmission,  and  utilization  of  electric  energy  is  secured 
when,  for  minimum  capital  expenditure,  the  maximum 
of  power  adequacy  and  reliability  concomitant  with  highest 
operating  economy  is  reached. 

b.  Minimum  steam-generated  electricity  is  secured  when 
there  is  associated  with  it  the  maximum  of  water-power- 
generated  electricity. 

c.  The  greater  the  interconnection  between  steam- 
electric  and  hydro-electric  plants  the  greater  the  opportunity 
of  producing  hydro-electric  energy. 

d.  Power  is  now  being  reliably  transmitted  at  potentials 
as  high  as  220,000  volts,  and  this  attainment  will  doubtless 
be  exceeded  in  the  future.  With  potentials  of  this  order, 
the  economic  radius  of  power  transmission  has  increased 
in  a  few  years  from  less  than  100  to  over  300  miles. 

It  follows,  consequently,  that  maximum  economy  in 
electric  power  production  will  be  secured  through  co- 
ordinate regional  expansion  of  electric  power  stations — 
as  exemplified  by  the  electric  utilities.  This  picture  should 
rob  the  word  ''super"  of  any  mystery  attached  to  it  by 
the  layman.  To  the  engineering  mind,  it  has  been  a  simple, 
rather  than  a  mysterious,  title. 

The  electric  utilities  have  for  many  years  been  practicing 
the  principles  of  superpower,  moderately  to  be  sure,  and 
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moderately  because  the  instruments  for  greater  possibility 
have  not  been  available.  Today,  they  are  here — and 
suddenly.  Nothing  but  the  time  required  to  manufacture 
large  generating  apparatus  and  to  construct  transmission 
lines  need  stand  in  the  way  of  their  immediate  application. 
In  other  words,  what  has  been  accomplished  in  the  past  in 
a  smaller  way  is  now  to  be  subjected  to  amplification  in 
the  highest  possible  degree,  thereby  bringing  about  the 
realization  of  maximum  economy  in  electric-power 
production. 

The  principles  governing  district  and  regional  expansion 
of  power,  however,  are  radically  different.  District  expan- 
sion, by  itself,  will  not  lead  to  the  true  superpower  arrange- 
ment, as  some  have  thought.  Superpower,  on  the  other 
hand,  will  not  supplant  existing  systems.  It  will  supple- 
ment them.  Superpower  does  not  propose  the  transfer  of 
large  blocks  of  power  between  power  centers,  but  does  plan 
the  transfer  of  power  to  load  centers  in  amounts  represented 
by  the  diversity  of  capacity  between  power  centers  within 
economic  transmission  distance  of  those  load  centers^ — with 
the  capacity  of  the  interconnecting  wires  so  arranged  as  to 
permit  the  flow  of  such  power  at  nominal  loss.  Superpower 
systems,  however,  may  receive  large  blocks  of  power  devel- 
oped at  and  transmitted  from  points  remote  to  such 
systems,  for  distribution  within  their  interconnecting  lines. 

At  the  risk  of  putting  the  cart  before  the  horse,  I  have  for 
the  moment  discussed  certain  detailed  attributes  of  super- 
power before  presenting  a  visualization  of  the  system  as  a 
whole.  I  have  done  this,  however,  to  the  end  that  the 
entire  system  may  be  the  better  comprehended  when  its 
constituent  parts  are  understood. 

Briefly,  superpower  production  and  distribution,  as 
distinguished  from  the  past  practice  of  district  production 
and  distribution,  are  marked  by  the  fact  that  the  field  of 
superpower  is  regional,  in  that  it  is  a  territory  or  area  within 
which  power  may  be  generated  by  but  a  few  large  plants, 
so  associated  through  interconnection  and  so  economically 
operated  as  to  deliver  power  at  minimum  cost. 
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The  potential  used  for  the  interconnecting  Unes  of  super- 
power systems  will  probably  be  in  the  order  of  100,000 
volts  or  over.  Potentials  of  220,000  volts  (and  possibly 
higher)  will  be  utilized,  however,  for  transferring  power 
from  points  of  development  which  are  remote  from  great 
power  demand  centers. 

In  the  United  States  there  are  well-defined  power  zones 
which  will  develop  independently  of  each  other.  It  i s  possible 
and  probable,  furthermore,  that  some  of  these  zones  will  be 
tied  together  in  the  future,  by  transmission  interconnection. 

In  a  recent  investigation,  it  was  found  that,  while  there 
is  a  limit  to  the  distance  to  which  electric  current  can  be 
transmitted  with  economy,  interconnection,  even  between 
distant  regional  superpower  zones,  is  still  important. 
For  example,  the  power  lines  receiving  energy  from  Niagara, 
the  St.  Lawrence,  and  also  from  the  great  hydro-electric 
plants  in  the  Province  of  Quebec  may  wisely  be  tied  in  with 
superpower  systems  of  the  Middle  Atlantic  and  even  the 
Southern  States.  Probably  not  1  kilowatt-hour  of  the 
current  generated  at  the  far  northern  points  would  actually 
reach  the  southern  connections  or  vice  versa,  but  the 
available  spare  capacity  would  be  serially  passed  along  the 
line — each  town  making  available  to  the  next  its  surplus 
capacity  and  energy. 

By  the  practice  of  diversity  economy,  six  of  the  major, 
but  by  no  means  the  largest,  electric  utihties  within  the 
Boston-Washington  Zone,  for  example,  could  make  active  a 
capacity  of  over  100,000  kilowatts,  which,  due  to  lack  of 
interconnection,  is  now  idle,  and  the  same  interconnections 
also  would  permit  the  substitution  of  about  250,000,000 
kilowatt-hours  of  hydro-electric  energy  for  an  equal  amount 
generated  by  steam  at  present.  Such  a  result  could  be 
obtained  without  any  increase  in  existing  plant  capacity, 
and,  in  effect,  these  savings  when  capitalized  at  123-^  per 
cent  would  represent  $17,000,000 — a  sum  far  in  excess  of 
the  cost  of  the  interconnections  required. 

Comparing  the  1919  independent  costs  of  operations  with 
superpower  operations,  the  annual  savings  for  the  entire 


POWER  7 

Boston- Washington  Zone  for  1930  would  be  over  $500,- 
000,000 — a  sum  considerably  in  excess  of  the  total  annual 
taxes  paid  by  all  the  railroads  of  the  country.  Fifty  million 
tons  of  coal  would  also  be  saved. 

If  we  continue  to  develop  power  in  unassociated  rather 
than  interconnected  systems,  we  fail  to  secure  the  valuable 
economic  results  of  high  load-factor  operation  and,  of  more 
importance,  we  fail  to  take  advantage  of  the  stabilizing 
effect  incident  to  interconnection.  By  superpower  expan- 
sion, on  the  other  hand,  not  only  will  idle  capacity,  repre- 
sented in  reserve  equipment,  be  greatly  reduced,  but  a  more 
adequate  and  reliable  power  will  be  assured. 

By  the  proper  interconnection  of  existing  systems  those 
independent  companies — -and  there  are  numbers  in  various 
sections — which  have  been  obliged  already  to  add  large 
generating  capacity  to  their  stations  would  be  provided  with 
an  immediate  market  for  their  present  excess  capacity, 
thus  creating  a  common  pool  of  strategically  intercon- 
nected hydro-  and  steam-electric  stations.  This  would  per- 
mit other  companies  and  systems  to  make  use  of  this  excess 
capacity  at  advantageous  terms  and  relieve  them  for  the 
time  being  of  pressing  need  of  heavy  capital  investment  in 
their  own  station  expansions.  The  respite  would  probably 
be  but  brief,  it  is  true,  though  doubtless  timely  in  many 
instances,  and  when  expansions  are  made,  the  new  and 
higher  efficiency  generators  could  be  run  at  maximum 
capacity  and  economy  through  feeding  the  power  in 
excess  of  their  station  demands  into  the  stabilizing  power 
reservoir. 

The  absence  of  such  an  advantageous  arrangement  has 
led,  in  the  New  England  and  Eastern  New  York  territory, 
to  the  building  of  very  large  additions — even  in  spite  of  con- 
siderable interconnection  between  systems  in  the  zone. 
The  result  has  been  that  the  reserve  equipment  of  the  sta- 
tions has  been  considerably  increased  in  the  last  few  years, 
whereas  a  considerable  decrease  in  such  reserve  could  have 
been  effected  by  co-ordinated  effort,  with  a  consequent 
saving  in  both  fixed  charges  and  operating  costs. 
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It  should  be  added,  however,  that  so  great  has  been  the 
demand  for  electric  power  that  the  electric  utility  companies, 
anticipating  future  demands,  have  deemed  it  wise  to  install 
capacities  considerably  in  excess  of  present  requirements. 
It  would  be  a  serious  oversight  on  their  part,  however,  not  to 
take  into  consideration  the  capacity  which  could  now  be  made 
available  through  interconnection  with  other  plants — at  least 
when  figuring  the  additions  necessary  to  their  own  stations. 

It  is  also  of  importance  at  this  juncture  to  point  out  that 
a  far  greater  saving  of  our  priceless  coal  and  oil  resources  will 
be  effected  with  the  full  adoption  of  superpower  principles. 
The  adoption  of  these  principles  will  also  bring  about  still 
further  economies  in  coal  consumption  per  unit  of  power 
generated,  not  only  by  the  employment  of  more  efficient 
generating  equipment,  but  by  additional  economies  incident 
to  the  greater  utilization  of  water  power  made  possible 
by  transmission  interconnections  between  steam  and  hydro 
power  and  load  centers.  This,  in  short,  is  a  clear  exposition 
of  the  meaning  of  superpower,  some  of  the  more  important 
attributes  of  which  are: 

1.  Reliability  of  Service. — The  presence  of  power  is  even 
more  important  than  its  cost.  Its  supply  should  be  syn- 
chronous with  its  demand.  Remember  that,  on  the  average, 
the  item  of  power  cost  to  total  cost  of  manufactured  product 
is  less  than  3  per  cent.  The  superpower  principle  calls 
for  the  supply  of  energy,  not  from  one  or  two  but  from  many 
sources,  thus  giving  a  far  higher  guarantee  of  its  presence 
w^hen  required. 

2.  Diversity  Economy. — The  saving  made  by  intercon- 
necting generating  stations  whose  peak  loads  are  reached 
at  different  times,  and  so  distributing  the  load  among 
stations  of  different  unit  operating  costs  as  to  deliver 
power  at  minimum  cost. 

3.  Improved  Load  Factor. — Load  factor  is  the  ratio  of 
the  average  load  to  the  maximum  load,  the  maximum  load 
being  taken  as  the  highest  average  obtaining  over  a  given 
period  of  (usually  60  minutes)  of  the  peak  load  of  the 
station. 
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Expressed  as  a  formula,  the  annual  load  factor  (in  per 
cent)  equals: 

Annual  kilowatt-hour  output  X  100 
Average  of  year's  60  minute  peak  X  8760 
Through  the  law  of  diversity,  superpower  operation  always 
tends   to   lift  load  factor,  and  the  lifting  of  load  factor 
means,  of  course,  the  more  effective  use  of  capacity  installed 
from  both  the  investment  and  the  operating  standpoint, 

4.  Reserve. — As  high  as  50  per  cent  reduction  in  stand- 
by capacity  is  possible  in  practicing  the  principles  of 
superpower, 

6.  Overall  Plant  Economy. — The  Washington-Boston 
Superpower  Report,  for  example,  showed  that,  by  the  sub- 
stitution of  larger  for  smaller-size  generating  stations 
(even  using  some  of  the  existing  smaller  stations  to  carry 
peak  loads),  the  total  fuel  consumption  per  unit  of  power 
produced  would  be  cut  in  two.  The  small  plants  of  1919, 
many  of  which  are  still  in  existence,  require  50,000  B,t.u.  or 
more  per  kilowatt-hour  delivered  at  the  switchboard.  The 
fuel  consumption  already  reached  by  a  1924  superstation 
installed  by  one  of  the  electric  utility  companies  is  at  the 
rate  of  14,000  B,t.u.  per  kilowatt-hour,  or  approximately 
1  pound  of  coal  per  kilowatt-hour,  ^ /.">'/      -  -^   '^ 

6.  Real  Estate. — Far  less  area  per  unit  of  installed 
capacity  is  required  for  superstations  (sometimes  a  controll- 
ing consideration  in  large  cities), 

7.  Lower  Costs.— In  almost  every  case  it  can  be  said 
that,  up  to  a  certain  point,  the  larger  the  power  station  and 
the  units  included  in  it  the  lower  are  the  annual  fixed  and 
operating  costs  per  unit  of  power  produced. 


CHAPTER  II 
THE  BIRTH  OF  ELECTRIC  UTILITIES 

In  the  development  of  the  electric  utilities,  the  success 
of  which  were  assured  from  the  start,  local  pride  and  the 
desire  to  enjoy  the  benefit  of  improved  lighting  furnished, 
initially,  the  necessary  funds  for  building  local  plants.  As 
science  created  other  uses  for  the  new  power,  electric  energy, 
the  electric  street  car  service  was  added,  and  with  the 
turning  of  the  wheels  of  industry  by  this  efficient  motive 
power  the  electric  utihty  business  expanded  rapidly.  The 
trolley  car,  with  its  higher  speed,  increased  by  many  times 
the  area  in  which  the  city  worker  could  locate  his  home, 
and  in  this  new  territory  electric  current  was  substituted  for 
street  lighting  and  domestic  use.  The  logical  result  of  such 
expansion  soon  linked  adjacent  communities  and  brought 
about  the  consolidation  of  generating  plants,  effecting 
economies  and  greater  reliability  of  service. 

Superpower  is  simply  the  plan  to  carry  this  development 
at  once  to  its  ultimate  and  logical  conclusion  and  to  do  so 
along  sound  economic  and  engineering  lines  by  attaining 
the  greatest  efficiency  in  the  generation  and  distribution  of 
power. 

Local  pride  has  also  often  demanded  electric  service  in 
small  isolated  communities  where  the  promised  revenue 
from  the  sale  of  current  would  be  insufficient  to  attract 
outside  capital  to  build  the  necessary  plant.  Hence, 
many  small  Municipal  electric  generating  stations  have 
been  built  from  the  proceeds  of  bond  issues,  which  posterity 
must  pay  off.  Although  there  are  over  2100  such  plants 
in  the  United  States  today,  they  represent  only  5  per  cent 
of  the  generating  capacity  and  less  than  that  percentage 
of  the  output  of  electric  energy. 

10 
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Nearly  97  per  cent  of  the  current  supply  is  produced  by 
corporations  owned  directly  by  over  2,000,000  citizen  stock- 
holders. These  companies  are  operated  under  regulation  of 
State  Public  Service  Commissions  appointed  by  the  people. 
The  poUtically  operated  plants  of  the  Municipalities,  on 
the  other  hand,  are  not  subject  to  this  supervision  and 
control — unfortunately,  for  the  people  they  serve. 

The  regulated  stock  corporations  are  designated  by  the 
descriptive  title  of  Pubhc  UtiUties,  meaning  that  they 
possess  ''the  character  of  being  useful,  the  state  of  being 
serviceable  or  conducive  to  some  desirable  or  valuable  end." 
Another  definition  of  a  utility  is:  ''that  property  which 
tends  to  produce  benefit,  advantage,  pleasure,  good  or 
happiness." 

On  the  subject  of  Pubhc  Utihty  Companies,  the  Maine 
Public  Service  Commission  says: 

"A  public  service  company  in  the  broadest  sense  is  a  partner- 
ship consisting  of  the  State  as  an  institution,  the  Public  as  a  group 
of  customers  and  the  Company  .  .  .  If  it  be  one  of  the 
important  functions  of  a  Public  Service  Commission  to  see  that  the 
company  and  its  patrons  are  treating  each  other  fairly,  no  lower  in 
the  scale  stands  the  duty  of  seeing  to  it  that  the  company  and  the 
customers  are  each  accorded  full  justice  by  every  outside  agency." 

In  a  sense,  a  public  utility  is  a  monopoly,  though  techni- 
cally it  is  not  so  considered.  Monopoly  is  defined  as 
"the  right  of  exclusive  sale,"  or  "an  exclusive  privilege  to 
carry  on  a  traffic."     However, 

"exclusive  privileges  granted  by  the  State  to  a  limited  number 
of  persons  for  the  sake  of  enabling  the  State  the  better  to  regulate 
the  traffic  for  the  protection  of  the  rest  of  the  community  is  not 
deemed  a  monopoly." 

Franchises.  Experience  has  shown  that  the  public 
utility  serving  gas,  electricity,  and  telephone  service  should 
be  granted  the  sole  right  to  furnish  such  service  in  the  terri- 
tory covered  by  franchise  so  long  as  the  owners  of  such 
privilege  give  an  adequate  and  efficient  service  in  the  terri- 
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tory  covered.  The  presence  of  more  than  one  utihty  cover- 
ing the  same  class  of  service  in  the  same  territory  only 
tends  to  increase  the  cost  to  the  consumer. 

This  was  found  to  be  very  notably  the  case  in  the  tele- 
phone business  where,  in  the  early  days,  more  than  one 
company  served  the  same  locality.  Such  duplication  made 
it  necessary  to  subscribe  to  two  or  more  services  in  order  to 
reach  all  telephone  users,  thus  adding  greatly  to  the  expense 
of  telephone  service,  with  decreased  convenience  and  effi- 
ciency, besides  the  multiplication  of  aerial  and  cable  lines. 


CHAPTER  III 
OWNERSHIP  OF  UTILITIES 

Should  the  politicians  or  the  people  control  and  manage 
the  electric  utilities?  It  is  my  opinion  that  governmental 
functions  should  be  confined  to  insuring  to  the  people  ''life, 
liberty,  and  the  pursuit  of  happiness"  and  that  private 
initiative  and  enterprise  should  develop  and  manage,  under 
suitable  public  regulation,  the  great  natural  resources  of 
this  country.  Under  such  auspices  science  will  create 
improved  methods  and  industry  will  bring  about  larger 
production  and  greater  prosperity  for  all. 

The  acts  of  every  public  utility  corporation  are  subject 
to  regulation  by  the  various  State  Public  Service  Com- 
missions which  have  authority  over  them.  The  utility 
corporations  pay  large  taxes  to  City,  State,  and  Federal 
Government  and  this  tax  varies  from  between  8  and  20  per 
cent  of  the  gross  revenue,  with  an  average  of  over  10  per 
cent.  Furthermore,  the  income  received  as  the  return  on 
the  investment  of  such  private  capital  is  again  subject 
to  personal  income  tax.  The  citizen  who  has  not  aided 
in  building  up  the  enterprise  thus  profits  by  a  reduction 
in  his  taxes,  due  to  the  large  tax  revenue  derived  by  City, 
State,  and  Nation  from  the  electric  utilities,  and  by  the 
additional  amount  paid  by  the  security  holders  in  income 
taxes.  On  the  other  hand,  with  political  ownership  of 
utilities,  even  the  people  who  cannot  use  the  service 
(and  with  Federal  ownership  this  would  apply  to  many 
living  in  rural  districts  and  to  over  95  per  cent  of  the  farm- 
ers) are  taxed  to  meet  any  deficit  in  operation,  and  their 
real  and  personal  property  is  included  in  the  mortgage  created 
by  the  issuance  of  bonds  of  the  Municipality  in  which  they 
live,  or  by  those  of  the  Federal  Government. 

13 
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The  question  of  Federal,  State,  or  Municipal  ownership 
of  utilities  has  been  the  subject  of  controversy  for  many- 
years.  In  fact,  it  is  nearly  as  old  as  the  utilities  themselves. 
In  this  country  we  have  built  up  electric  utility  service 
largely  by  private  capital  and,  as  explained  previously, 
there  have  been  experiments  in  Municipal  ownership. 
Other  countries  have  tried  both  Governmental  and  Munici- 
pal control  to  a  far  greater  extent.  Our  method  has  advanced 
our  electric  service  to  a  position  which  leads  the  world. 
The  same  can  be  said  of  our  railroad  administration. 

As  Great  Britian  has  had  wider  experience  with  publicly, 
or,  more  correctly  expressed,  politically  owned  railroads 
and  electric  utilities,  it  is  of  value  to  analyze  the  present 
situation  in  that  country.  According  to  the  latest  available 
statistics,  65  per  cent  of  the  installed  capacity  of  public 
service  electric  generators  in  Great  Britian  is  municipally 
owned,  as  against  about  5  per  cent  in  this  country,  in  conse- 
quence of  which  the  British  worker  has  about  one-third 
the  mechanical  power  back  of  his  labor  that  is  enjoyed  by 
the  American  operative.  His  wages  are  correspondingly 
low. 

This  condition  is  giving  great  concern  to  the  British 
leaders  and  led  to  the  formation  recently  of  a  committee  of 
experts  to  study  the  subject.  The  results  of  the  investiga- 
tion are  published  in  the  so-called  ''Lloyd  George  Coal  and 
Power  Report."  The  Committee  consisted  of  many 
engineers  and  public  men  under  the  Chairmanship  of 
Lloyd  George.  It  was  originally  formed  to  solve  the  difficul- 
ties of  the  British  coal  mining  industry,  but  was  extended 
to  include  the  study  of  industrial  conditions  in  the  Kingdom 
generally.  The  result  of  the  investigations  made  by  the 
Committee  in  the  utility  field  led  to  the  conclusion  that: 

"Because  Great  Britain  was  the  first  country  in  the  world  to 
realize  the  potential  powers  of  steam,  through  this  power  in  the 
first  half  of  the  Nineteenth  Century,  she  became  preeminent  in 
the  world  as  the  greatest  of  all  manufacturing  countries.  It 
was  from  Great  Britain  that  other  countries  copied.  Now,  in 
the  matter  of  electrical  development,  the  rdles  are  reversed  .    .    . 
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The  United  States  of  America,  France,  Italy,  Czecho-Slovakia, 
Holland,  Spain,  Belgium,  Germany,  and  indeed  most  of  our 
foreign  competitors  are  pressing  ahead  with  schemes  for  electri- 
fication. The  great  overseas  dominions  are  not  lagging  behind. 
When  one  surveys  the  modern  world  of  industry  from  this  angle, 
it  almost  seems  as  though  we  alone  were  content  to  mark  time 
.  .  .  Other  countries  are  expanding  along  modern  lines;  we 
are  expanding,  mainly,  along  old-fashioned  lines." 

The  report  states  that  in  Manchester — the  part  of  Eng- 
land that  is  best  developed  electrically — the  production 
of  electric  energy  in  1923  was  246  kilowatt-hour  per  capita. 
Chicago  at  the  same  time  was  producing  700  kilowatt- 
hours^  per  capita.  The  Report  further  shows  that  the  New 
York  worker  receives  two  and  one-quarter  times  the  wages, 
expressed  in  terms  of  purchasing  power,  of  the  London 
worker.  As  this  is  practically  the  ratio  of  the  power  back 
of  the  American  and  the  English  worker,  the  conclusion  is 
reached  that  the  greater  the  amount  of  power  at  the  work- 
man's disposal  the  greater  his  output  and  the  higher  his 
wages,  while  at  the  same  time  the  cost  of  production  and 
the  market  price  for  his  product  are  lowered.  This  has 
led  the  Committee  to  recommend  that  Great  Britain  begin 
at  once  the  development  of  a  nation-wide  electric  system 
corresponding  to  the  methods  now  in  vogue  in  the  United 
States.  Quoting  from  the  Lloyd  George  Report,  where  it 
refers  to  the  question  of  ownership: 

"Experience  is  overwhelmingly  against  the  successful  adminis- 
tration of  a  business  enterprise  by  a  bureaucracy. 

"Producing  commodities  is  a  function  we  believe  the  State  to 
be  utterly  unfitted  to  perform  successfully. 

"There  is  a  common  notion  that  the  State  can  get  capital  on 
cheaper  terms,  or  bear  the  losses  resulting  from  unsuccessful 
management.     This  we  believe  to  be  a  pure  delusion, 

"The  experience  of  Socialism  which  has  been  gained  in  other 
lands  in  the  last  few  years  confirms  our  view. 

'  The  per  capita  output  of  the  Commonwealth  Edison  Company, 
Chicago,  alone  was  870  killowatt-hours  in  1923. 
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"We  consider  it  to  be  the  duty  of  the  Royalty  Commissioners  to 
administer  the  mineral  property  of  the  State  in  such  a  way  as  to 
facilitate  the  most  efficient  mining  of  coal  by  its  citizens." 

In  referring  to  nation-wide  interconnection  of  electric 
service  systems,  the  Report  says: 

"Our  present  proposals  place  the  whole  executive  management 
in  the  hands  of  private  enterprise. 

If  it  is  found  that  vested  interests,  that  is,  municipal  powers, 
are  prepared  to  block  the  way,  the  line  must  be  cleared  and 
the  Electricity  Commissioners  must  have  power  to  effect  the 
clearance. 

"Whether  we  make  the  right  use  of  this  heaven-sent  oppor- 
tunity for  redeeming  the  mistakes  of  the  past  depends  upon 
whether  we  use  from  the  outside  wise  methods  of  regulation 
and  control  without  sacrificing  the  driving  power  of  private 
enterprise." 

Signor  Titoni,  President  of  the  Italian  Senate,  heartily 
condemns  the  Governmental  operations  of  railways,  elec- 
tric service  companies,  and  other  forms  of  utilities. 

Dr.  Luigi  Luiggi,  another  outstanding  Italian  official, 
endorses  his  views. 

Dr.  Luiggi  is  a  life  member  of  the  Italian  Senate  and 
Professor  of  Hydro  and  Hydro-Electric  Engineering  at  the 
University  of  Rome.  As  a  Director  of  the  Italian  State 
Railways  and  a  member  of  Inland  and  Navigation  Commit- 
tees for  many  years,  he  is  naturally  conversant  with  public 
utility  affairs  in  Italy.  When  asked  by  the  Electrical 
World  as  to  the  policy  of  the  present  Italian  Government  on 
utilities.  Dr.  Luiggi  stated  that  ''Italy  will  not  engage  in 
any  work  that  can  be  done  by  a  private  company."  The 
experience  with  all  sorts  of  governmentally  owned  enter- 
prises has  been  rather  disastrous,  and  the  Government  has 
again  turned  to  private  companies  to  carry  on  its  public 
utility  work.  Italy's  telephone  system  has  been  split  up 
into  zones  and  turned  over  to  private  companies  for 
operation.     The  branch-line  railroads  have  already  been 
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turned  over  to  private  operation,  with  the  probabiHty  that 
the  main  hnes  will  follow.  Nine-tenths  of  the  electric 
utihties  are  now  privately  owned.  Italy  has  no  coal  and,  in 
order  to  encourage  hydro-electric  development,  the  Govern- 
ment is  authorized  to  pay  40  hre  per  horsepower  per  annum 
for  a  period  of  15  years  to  anyone  who  will  engage  in  develop- 
ing the  nation's  water  power.  As  a  result  of  this,  plans  for 
developing  1,000,000  horsepower  have  been  made  and 
one-third  of  that  amount  of  power  is  now  under  construc- 
tion. Dr.  Luiggi  cited  as  a  typical  example  of  inefficiency 
of  Municipal  ownership  the  building  during  a  socialistic 
regime  in  Rome  of  a  competitive  hydro-electric  system. 
Due  to  bad  engineering,  bad  management,  and  the  excessive 
number  of  employees,  the  enterprise  has  been  disastrous 
to  the  taxpayers,  who  have  been  obliged  to  meet  the  serious 
deficits. 

Mr.  F.  G.  R.  Gordon  in  a  recent  issue  of  The  Protectionist 
recounts  the  experience  of  New  South  Wales  in  its  public 
ownership  ventures.     Mr.  Gordon  states: 

"In  many  respects  the  Australian  states  have  the  greatest 
democracy  on  earth.  They  were  the  first  to  adopt  the  socialistic 
schemes  of  political  and  economic  democracy;  they  were  the  first 
to  grant  universal  suffrage  to  all  citizens,  women  and  men;  and 
they  have  made  the  greatest  plunge'  into  state  socialism  of  any 
states  anywhere. 

''As  a  result  of  this  extensive  scheme  of  public  ownership,  no 
one  can  say  whether  or  no  their  public  debts  will  ever  be  paid. 
It  is  pretty  clear,  however,  that  the  debt  of  one  of  her  most  pro- 
gressive states.  New  South  Wales,  can  never  be  paid.  Year  by 
year  this  state  has  been  piling  up  the  public  debt  until  at  the 
present  time  her  state  debt  is  almost  a  billion  dollars. 

"New  South  Wales  has  a  population  of  1,650,000  or  about  41 
per  cent  of  the  State  of  Massachusetts.  Her  population  is  much 
less  than  half  that  of  Michigan.  Imagine  Massachussetts  and 
Michigan  with  state  debts  of  more  than  $2,000,000,000;  then  you 
have  a  clear  idea  of  the  vast  burden  of  indebtedness  that  rests 
upon  the  people  of  that  socialistic  state  of  New  South  Wales. 

"The  basis  of  this  vast  indebtedness  is  public  ownership.  New 
forms  of  taxation  are  enacted  with  every  session  of  the  Legisla- 
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ture,  with  the  hope  that  some  way  may  be  found  to  solve  her 
financial  difficulty.  But  the  more  taxes  she  raises  the  more  she 
spends,  and  the  state  debt  grows  larger  and  larger.  Her 
socialized  industries  generally  show  an  annual  deficit.  She  is 
forced  to  pay,  in  most  instances,  53^^  per  cent  interest  upon  her 
gigantic  debt.  Like  all  governments  which  engage  in  public 
ownership  and  operation,  she  has  duplication  costs  all  along  the 
hne. 

"The  situation  resembles  that  of  our  education  systems.  We 
have  a  city  school  board,  a  state  board  of  education,  and  now  the 
cry  is  for  a  national  bureau  to  make  another  duplication — one 
more  national  bureaucracy,  to  boss  the  other  two,  with  the  pomp 
and  parade  of  a  cabinet  department. 

"But  in  New  South  Wales  and  all  over  Australia,  there  is 
duplication  in  every  department,  for  this  socialistic  state  owns 
and  operates  the  railroads,  the  telephone  and  telegraph,  some 
mines,  hotels,  cafes,  factories  of  many  kinds,  market,  ships, 
machine  shops  and  so  on. 

"In  order  that  the  reader  may  have  a  clear  knowledge  of  how 
these  public-owned  enterprises  are  conducted,  let  us  show  the 
actual  condition  of  her  railway  system.  The  state  owns  5116 
miles  of  railways,  and  they  cost  $416,638,240,  or  $81,436  per  mile 
of  construction.  This  is  an  average  cost  of  $25,000  per  mile 
above  the  cost  in  the  United  States;  yet  railroad  labor  in 
New  South  Wales  is  40  per  cent  below  the  average  wage  in  this 
country,  and  always  has  been. 

"Freight  rates  on  these  state-owned  lines  average  2.76  cents  per 
ton  per  mile  (1924)  as  against  a  little  over  1  cent  in  this  nation. 
If  the  people  of  New  South  Wales  had  the  same  rates  for  freight 
transportation  that  we  enjoy,  her  people  would  have  saved  in 
1922  the  sum  of  $22,000,000.  High  freight  rates  can  not  be 
charged  to  high  wages  in  that  country,  for  wages  there  average 
$422  per  man  per  year  less  than  they  are  in  this  country.  If 
New  South  Wales  paid  her  37,000  railway  employees  the  same 
wages  that  we  pay  ours,  her  wage  cost  for  1922  would  have  been 
$11,614,000  more  than  it  was. 

"These  socialized  railways  pay  no  taxes.  If  they  paid  the  same 
(average)  rate  of  taxation  that  our  railroads  pay,  the  state  would 
have  collected  the  sum  of  $6,364,072  in  1922.  Her  interest 
charge  on  the  railway  debt  is  $20,000,000  a  year.  Taking  all 
these  facts  and  boiling  them  down  to  dollars  and  cents,  we  find 


OWNERSHIP  OF  UTILITIES  19 

that  these  socialized  railways  actually  lose  $27,000,000  a  year  in 
spite  of  the  $11,614,000  which  she  saves  yearly  by  her  lower  wage 
rates,  as  compared  with  ours. 

"I  do  not  know  of  a  single  advantage  that  this  socialistic  state 
enjoys  through  public  ownership — not  one.  The  service  is  poor, 
compared  with  service  in  this  nation;  the  system  is  overstaffed, 
as  are  all  government-owned  enterprises.  If  we  take  wages, 
interest,  taxes  and  freight  rates  into  joint  consideration,  and 
compare  all  these  with  private  ownership  in  our  nation,  we  find 
that  New  South  Wales  loses  about  $39,000,000  annually  because 
of  public  ownership  and  operation  of  her  5000  miles  of  steam 
railways.  And,  I  may  add.  New  South  Wales  and  all  the  other 
Australian  states  are  plunging  deeper  and  deeper  into  public 
indebtedness,  largely  due  to  public  ownership. 

"Is  it  any  wonder  that  she  faces  bankruptcy?  Do  we  want 
to  follow  her  example?" 

France  has  been  trying  to  sell  her  railroads  in  order  to 
have  them  developed  by  private  initiative  and  enterprise, 
and  Spain  is  considering  the  same  policy. 

Turning  to  our  own  country,  let  us  quote  the  words  of 
Theodore  Roosevelt,  uttered  Ocotober  19,  1905:  ''I  do  not 
believe  in  government  ownership  of  anything  which  can 
with  propriety  be  left  in  private  hands." 

President  Harding  gave  utterance  to  a  classic  when  he 
said:  "Less  government  in  business  and  more  business  in 
government." 

In  the  recent  Presidential  campaign.  President  Coolidge, 
in  his  speech  of  acceptance,  emphatically  disapproved  of 
Federal  operation  of  business. 

Mr.  Davis,  the  Democratic  opponent,  took  a  similar  stand. 

The  late  Mr.  La  Follette,  representing  socialism,  and  other 
"isms,"  uttered  the  following:  "I  am  for  government 
ownership  of  railroads  and  every  other  public  utility — 
every  one." 

Mr.  La  Follette  carried  one  state  in  the  election  of  Novem- 
ber, 1924.  Mr.  Coolidge  carried  34  states  and  received  a 
popular  v^ote  of  over  fifteen  million. 
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Mr.  Herbert  Hoover,  Secretary  of  Commerce,  during 
the  recent  campaign  emphasized  the  position  taken  by 
President  Coohdge  by  saying: 

"Either  we  are  to  remain  on  the  road  of  individual  initiative, 
enterprise  and  opportunity  regulated  by  law,  on  which  American 
institutions  have  so  far  progressed,  or  we  are  to  turn  down  the 
road  which  leads  through  nationalization  of  utilities  with  the 
ultimate  absorption  into  government  of  all  industry  and  labor." 

The  late  Samuel  Gompers,  President  of  the  American 
Federation  of  Labor,  in  a  speech  in  1920  said: 

"I  believe  there  is  no  man  to  whom  I  would  take  second  posi- 
tion in  my  loyalty  to  the  Republic  of  the  United  States,  and  yet  I 
would  not  give  it  more  power  over  the  individual  citizenship  of 
our  country  .  .  .  It  is  a  question  of  whether  it  shall  be  Govern- 
ment ownership  or  private  ownership  under  control  ...  If 
I  were  in  the  minority  of  one  in  this  convention,  I  would  want  to 
cast  my  vote  so  that  the  men  of  labor  shall  not  willingly  enslave 
themselves  to  Government  authority  in  their  industrial  effort 
for  freedom  .  .  .  Let  the  future  tell  the  story  of  who  is  right 
or  who  is  wrong,  who  has  stood  for  freedom  and  who  has  been 
willing  to  submit  their  fate  industrially  to  the  Government." 

As  the  Public  Service  Commissions  have  been  in  most 
intimate  contact  with  problems  of  the  utilities  and  know  the 
situation  from  all  angles,  a  statement  made  by  Mr.  Carl 
D.  Jackson,  as  Chairman  of  the  Wisconsin  Railroad 
Commission,  will  no  doubt  be  interesting.  Mr.  Jackson 
said:  ''The  actual  ownership  of  most  public  utilities  is  by 
the  people  themselves."  In  explanation  of  that  statement, 
he  show^ed  that  insurance  companies,  banks,  and  trust  com- 
panies in  this  country  have  invested  very  large  sums  which 
they  hold  in  trust  for  their  milHons  of  policy  holders  and 
depositors,  in  utility  securities.     He  further  stated: 

"There  is  probably  not  one  man  in  fifty  that  we  meet  who  is  not 
directly  or  indirectly  a  partner  in  these  utility  enterprises. 
Public  Utility  Companies  are  the  most  democratic  institutions 
existing  in  this  country.  All  classes  are  served  with  the  same 
product  on  the  same  scale." 
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Mr.  Theodore  Dwight,  formerly  associated  with  the 
Society  for  Electrical  Development  and  at  present  a  mem- 
ber of  the  Staff  of  Murray  and  Flood,  with  keen  foresight 
looking  toward  the  future  of  the  electric  utility  business, 
writing  for  the  Evening  Post  Public  Utilities  and  Engineer- 
ing Review  in  their  March  29,  1919  issue,  said: 

"Ownership  by  confiscation  is  abhorrent  to  the  American  idea 
and  flavors  too  much  of  autocracy  to  be  popular.  Private  capital 
and  personal  genius  which  have  built  up  successful  business, 
often  with  great  risk  of  failure  and  loss  of  money  invested,  are 
entitled  to  fair  returns  for  the  enterprise,  especially  where  it  can 
be  shown  that  they  can  continue  to  give  better  service  to  the 
public  than  if  their  functions  were  turned  over  to  the  control 
of  changing  political  groups  or  parties. 

"Private  enterprise  can  secure  the  services  of  able  executives 
and  engineers  because  economic  reasons  insure  their  tenure  of 
office.  Public  office  is  the  plaything  of  the  politician — changed 
as  parties  change  and  even  when  new  officials  of  the  same  party 
are  elected.  Appointees,  be  they  Federal,  State,  or  Municipal, 
depend  more  on  political  activity  than  on  efficiency  to  hold 
their  jobs. 

"Officials  of  corporations  are  not  only  amenable  to  the  control 
of  interested  stockholders,  but  to  regulation  by  legislative  bodies, 
elected  by  the  people  at  large. 

"Ability  is  the  governing  factor  in  selecting  the  staff  of  a  corpora- 
tion— and  by  staff  is  meant  the  whole  working  organization. 
Appointees  in  public  works  depend  on  political  pull,  both  for 
appointment  and  advancement. 

"Inefficient  work  of  individuals  in  private  enterprises  is  corrected 
by  dismissal,  while  in  public  departments  the  abuse  can  gener- 
ally be  corrected  only  by  a  complete  change  in  political  control 
with  a  disruption  of  organization. 

"Knowledge  of  local  conditions  is  essential  to  the  successful 
operation  of  utilities,  and  this  can  only  be  obtained  by  the 
intimate  experience  gained  by  long  service. 

"Good  service  from  privately  owned  public  utilities  is  assured 
through  regulations  enforced  by  public  service  commissions, 
whose  duty  it  is  to  see  that  both  the  public  and  the  corporations 
receive  just  treatment.  With  few  exceptions  this  has  been  the 
result  accomplished  by  these  regulating  bodies  in  recent  years. 


22  SUPERPOWER— ITS  GENESIS  AND  FUTURE 

"Economics  is  the  fundamental  basis  of  private  business — in 
public  administration  it  is  an  almost  unknown  word. 

"When  we  were  drawn  into  the  World  W^ar  the  best  business 
talent  in  this  country,  without  regard  to  party  lines,  volunteered 
its  services  to  the  Government,  but  how  many  of  those  who 
served  are  willing  to  continue  in  public  office,  with  its  restricted 
opportunities,  now  that  the  emergency  is  passed? 

"Politics,  using  this  word  in  its  best  sense,  to  indicate  the  art  of 
Government,  is  very  different  from  economics,  which  is  the  scien- 
tific management  of  industry  and  business. 

"The  function  of  Government,  as  its  name  implies,  should  be 
to  govern  and  properly  regulate  the  activites  of  enterprises  which 
are  licensed  by  Federal,  State,  or  Municipal  authority  to  use  the 
public  highways  or  property. 

"Public  ownership  is  essentially  a  socialistic  propaganda.  The 
world  today  is  having  an  example  of  its  operation  in  Russia 
under  the  name  of  Bolshevism.  It  is  not  likely  to  be  popular 
here  to  the  enlightened  majoritj^ — particularly  as  efficient 
regulation  is  already  in  effect  in  this  country. 

"One  thing  at  least  is  impossible  in  the  United  States,  that  is  the 
virtual  confiscation  of  property,  or  its  taking  over  at  other  than 
fair  valuation. 

"Purely  local  ownership  and  control  of  utilities  by  municipalities 
have  many  drawbacks.  It  would  tend  to  retard  the  develop- 
ment of  large,  efficient  power  plants,  centrally  located,  to  serve 
a  number  of  adjoining  communities,  and  also  the  interconnection 
of  such  plants  into  still  larger  systems  to  effect  further  economy 
in  operation.  This  last  feature  has  been  one  of  the  splendid 
results  of  co-operation  brought  about  by  war  conditions,  when 
uninterrupted  supply  of  power  was  such  an  important  factor  in 
producing  munitions  and  other  material  to  win  the  war. 

"Municipal  and  State  boundaries  would  greatly  handicap  such 
development  if  Municipal  and  State  ownership  existed. 

"A  logical  sequence  of  Municipal  control  is  State  control.  The 
next  step  would  bring — may  I  call  it? — Federal  interference  with 
State  rights.     Are  we  ready  for  this? 

"Another  phase  of  public,  as  opposed  to  private,  operation  of 
utilities,  which  is  not  often  taken  into  consideration  in  the  discus- 
sion of  the  subject  is  the  effect  on  the  development  of  the  use  of 
electricity  for  industrial  purposes. 
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"Executives  of  private  enterprises  are  constantly  striving  to 
improve  the  efficiency  of  their  power  plants  by  seeking  to 
increase  the  use  of  current  for  light,  heat,  and  power  in  industrial 
plants. 

"A  central  station  which  sells  current  for  lighting  only  will  find 
that  the  major  part  of  the  equipment  is  idle  during  the  greater 
part  of  the  twenty-four  hours,  and  is  only  earning  a  return  on  its 
high  cost  for  a  brief  hour  or  two  daily. 

"As  public  service  commissions  can  require  that  the  revenue  of 
utilities  shall  be  limited  to  a  figure  which  will  give  only  a  certain 
fixed  return  on  investment,  every  user  benefits  from  efficient 
and  economic  management  in  the  lowering  of  rates. 

"Interest  returns  on  capital  invested  in  a  public  utility  should 
be  commensurate  with  the  risk,  and  the  rates  charged  for  electric 
service  should  be  sufficient  to  insure  a  steady  return  at  a  rate  that 
will  attract  investment  by  the  people.  Additional  capital  is 
constantly  required  for  extensions  to  meet  the  demand  of  new  and 
increased  business. 

"Far  better  than  public  operation  is  customer  ownership  of 
utilities.  In  the  last  two  or  three  years  many  of  the  progressive 
central  station  companies  have  offered  their  securities  to  those  who 
use  their  service,  that  is,  to  their  customers. 

"An  interesting  editorial  appeared  in  the  February  21  issue  of 
the  Union,  the  oldest  labor  paper  published  in  this  country.  It 
was  entitled  'Ownership  of  Public  Utilities  by  the  People  as 
Distinguished  from  Public  Ownership.' 

"This  editorial  points  out  that  public  ownership  is  not  the 
solution  of  the  public  utility  problem;  that,  however,  the  practical 
ownership  of  utilities  by  the  people  as  investors  in  these  enterprises 
is  the  safer  plan.  This,  it  says,  is  possible  with  few  exceptions, 
and  such  investment  would  assure  virtual  control  over  the  admin- 
istration of  these  enterprises  by  the  citizens  served. 

"The  Union  advises  that  this  plan  offers  the  small  investor  one 
of  the  best  means  of  participating  in  large  enterprises  founded 
on  a  public  necessity  and  one  that  should  represent  the  safest 
form  of  investment  for  his  savings.  That  this  is  not  an  untried 
theory  is  demonstrated  by  the  success  of  the  "democratic" 
policy  of  H.  W.  Byllesby  &  Company  which,  it  states,  have 
carried  out  this  plan  in  many  of  the  properties  under  their 
management.  The  Union  urges  a  fuller  appreciation  of  this 
opportunity,  both  to  its  readers  and  to  the  management  of  other 
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public  service  companies  to  insure  better  and  fuller  service  to  the 
public  and  as  a  solution  of  the  vexed  question  of  public  utility 
administration. 

''This  editorial  constitutes  an  important  contribution  to  the 
subject. 

"During  1915  the  World  War  created  a  tremendous  demand  for 
munitions  and  other  manufactured  products  from  the  allied 
countries.  A  great  speeding  up  of  certain  industries  was  neces- 
sary. The  ability  to  meet  this  sudden  call  for  increased  output, 
often  involving  the  making  of  an  entirely  new  product,  was  due 
in  great  measure  to  the  flexibility  of  electric  power  drive,  which 
permitted  the  rapid  readjustment  of  plants  to  new  work,  or  to 
increased  production.  Rapid  enlargement  of  steam  power  drive 
would  have  been  impossible. 

"The  central  station  companies  were  hard  put  to  meet  the  heavy 
demand  for  current,  but  succeeded  in  spite  of  fuel  and  labor 
shortage  and  higher  costs  for  labor  and  material. 

"Municipally  owned  plants  could  not  or  would  not  undertake 
such  expansion,  and  interest  in  public  ownership  propaganda 
ceased. 

"When  the  United  States  entered  the  war  a  still  different  condi- 
tion was  created. 

"The  Federal  Government  took  over  virtual  control  of  many 
enterprises  as  a  war  measure. 

"With  the  cessation  of  hostilities  the  old  discussion  is  being 
revived,  with  the  new  phase  of  larger  Federal  control  or 
ownership. 

"Abundant  supply  of  power  is  often  the  determining  factor  in 
the  industrial  development,  the  expansion  of  business,  and 
consequently  in  the  growth  of  a  community. 

"Private  enterprise  and  initiative  have  always  stood  ready  to 
meet  this  condition,  and  to  risk  the  money  necessary  to  provide 
such  power.  Public  officials  and  taxpayers  have  seldom  had  the 
vision  or  foresight  to  work  out  such  development— in  fact,  might 
not  have  the  borrowing  power  to  do  so.  Many  instances  could 
be  cited  where  communities,  with  great  natural  advantages, 
have  been  retarded  in  their  growth  for  this  reason,  and  private 
capital  was  not  attracted  because  of  local  municipal  ownership. 
The  public  should  not  lose  sight  of  this  phase  of  the  problem  and 
the  further  fact  that  electric  utilities  pay  annually  over  $135,- 
000,000  in  taxes." 
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Although  the  great  natural  falls  at  Niagara  are  not  com- 
parable with  any  other  developed  water-power  service,  the 
advocates  of  Federal,  Municipal,  or  State  ownership  have 
used  the  Ontario  hydro-electric  system  as  their  strongest 
argument. 

The  Niagara  Falls  development  is  unique,  as  it  is  not 
subject  to  seasonable  change  in  flow,  having  the  Great 
Lakes  with  their  94,585  square  miles  of  surface  area  to  feed 
them  at  high  head  and  enormous  flow  at  the  Falls.  This 
eliminates  the  costly  steam-reserve  plant  required  in  the 
normal  water-power  development.  But  even  at  that  the 
Hydro  Commission's  showing  is  not  so  good  as  that  of  the 
privately  owned  properties  in  Quebec.  The  total  Ontario 
figures  show  an  output  in  1923  of  4,116,874,000  kilowatt- 
hours  with  5435  employees,  or  739,000  kilowatt-hours  per 
employee.  The  Quebec  figures  show  an  output  of 
2,816,397,000  kilowatt-hours  with  2494  employees,  or 
1,128,000  kilowatt-hours  per  employee.^  (The  only  State 
in  the  Union  where  a  corresponding  proportion  of  the  cur- 
rent is  developed  by  water  power  is  Montana,  which  had  in 
1923  an  output  of  998,000,000  kilowatt-hours  with  787 
employees,  or  1,254,000  kilowatt-hours  per  employee.) 

In  relation  to  the  economics  of  power  production  by 
private  versus  Government  ownership  and  operation,  I 
think  the  following  information  taken  from  the  Bureau  of 
Statistics  of  Canada  will  be  illuminating.  The  statistics 
are  official  and  entitled  ''Census  of  Industry  1923 — Central 
Electric    Stations    in    Canada."     Further    statement    in 

^  The  above  figures  on  Canadian  service,  and  those  which  immediately 
follow,  are  derived  from  Canadian  Government  official  statistics  for  the 
year  1923. 
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respect  to  them  is  made  to  the  effect  that  they  were  ''Pre- 
pared in  collaboration  with  the  Dominion  Water  Power 
Branch,  Department  of  the  Interior,  with  the  assistance  of 
the  Ontario  Hydro-Electric  Power  Commission,  the 
Quebec  Stream's  Commission,  the  New  Brunswick  Electric 
Power  Commission,  the  Nova  Scotia  Power  Commission  and 
the  Manitoba  Commission." 

1923 

Net  Revenue 

Ontario  Quebec 

(gross  less  revenue  from  current  exchanged  between  stations) 
$29,553,906  $19,275,047 

9.7  %  on  capital  11.8%  on  capital 

Expenses 
$29,463,737  $13,337,731 

Balance 
$        90,169  $  5,937,316  (and 

Quebec  companies  pay  taxes). 
Kilowatt-hour  per  customer 
(including  line  losses) 
8688  9488 

For  the  entire  Dominion  of  Canada,  the  statistics  show  the  aver- 
age wage  per  employee  in  1923 $1332 

Average  kilowatt-hour  per  customer 7208 

Average  kilowatt-hour  generated  per  employee: 

Municipal  plants 499^     "^ 

Commercial  plants 1,005,  <50o 

Kilowatt-hours  generated  per  dollar  of  capital: 

Municipal  plants 11.0 

Commercial  plants 16.5 

Cost  per  kilovolt-ampere  of  generating  plant  (secondary  power) : 

Municipal  plants $380.70 

Commercial  plants 269 .00 

Per  cent  of  current  generated  by  water  power  in  1923 94. 16 

In  an  article  in  the  New  Republic  of  June  21,  1922,  a 
comparison  was  made  of  the  Ontario  Hydro-Electric  Service 
with  that  of  the  privately  owned  utilities  in  the  United 
States,  and  ''power  service — small  load  power"  rates  were 
used.  It  is  obviously  unfair  to  compare  hydro-electric  with 
steam-generated  current  rates,  and  to  select  a  "power  ser- 
vice-— small  load,"  which  is  distinctly  an  undesirable  class  of 
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business  and  requires  a  high  rate  of  compensation  for  its 
poor  load  factor.  The  Hydro-Electric  Commission  does 
not  give  the  careful  consideration  to  its  various  class  rates 
in  order  that  each  should  bear  the  proper  burden  of  the 
expense,  as  is  the  case  in  the  United  States,  where  PubHc 
Service  Commissions  pass  upon  the  rate  structure.  Pubhc 
Service  Commissions  have  repeatedly  decided  that  the 
charge  for  current  is  properly  determined  by  the  character 
of  service.  I  quote  an  Oregon  decision  on  this  point.  This 
extract  is  from  a  decision  made  by  the  Oregon  Pubhc  Ser- 
..:..  ^............_.  ...  .1 .  .,      ^.,       "  -  ^ant's  Pass 

y,  1917: 

ERRATA  ;em  at  rates 
rvice  given 

Page    2(i — In    tabulated    figures    under    "Average    kilowatt  -^se  at  lower 
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Municipal  plants 499  should  be      499,000  g  ctq  below 

Commercial  plants  ...1005        •         "    1,005,000  .  ^,  ' 

rvice.     The 

by  facilities 
Murray  Superpower  ch  facilities 

above  the 
3  will  tend 
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ctive  asset, 
auKA  xvo  ^^njiiiuuiuii,  uiiuci  uucoc  uuiiuitiuiio,  a  ueiieiit  to  all  con- 
sumers.    This  appears  to  us  to  be  a  fundamental  principle  in 
the  development  of  utility  business,  and  one  which,  if  neglected, 
may  retard  the  progress  of  any  enterprise. 

"Proper  consideration  must  also  be  given  to  the  distinction 
between  costs  incident  to  customers,  as  such,  those  attached 
directly  to  the  quantity  of  product  delivered  and  fixed  costs  or 
those,  such  as  interest,  etc.,  which  occur  without  regard  to  the 
volume  of  product  delivered  by  a  given  plant  or  the  number  of 
customers  connected  thereto.  The  latter  group,  especially  in 
hydro-electric  operations,  comprise  a  large  percentage  of  total 
annual  cost  of  service  and  its  equitable  distribution  among 
consumers,  together  with  proper  consideration  of  purely  customer 
costs,  is  a  prime  necessity  if  the  rate  is  to  be  satisfactory  to  the 
consumer  and  at  the  same  time  produce  the  desired  return. 
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respect  to  them  is  made  to  the  effect  that  they  were  ''Pre- 
pared in  collaboration  with  the  Dominion  Water  Power 
Branch,  Department  of  the  Interior,  with  the  assistance  of 
the  Ontario  Hydro-Electric  Power  Commission,  the 
Quebec  Stream's  Commission,  the  New  Brunswick  Electric 
Power  Commission,  the  Nova  Scotia  Power  Commission  and 
the  Manitoba  Commission." 

1923 
Net  Revenue 

Ontario  Quebec 

(gross  less  i 
$29,553, 
9.7  %  0 

$29,463, 

$        90, 


For  the  entire  Do 
age  wage  per  er 
Average  kilowatt- 
Average  kilowatt- 
Municipal  plan 
Commercial  pla 
Kilowatt-hours  generated  per  dollar  of  capital: 

Municipal  plants 11.0 

Commercial  plants 16.5 

Cost  per  kilovolt-ampere  of  generating  plant  (secondary  power) : 

Municipal  plants $380.70 

Commercial  plants 269 .00 

Per  cent  of  current  generated  by  water  power  in  1923 94. 16 

In  an  article  in  the  New  Republic  of  June  21,  1922,  a 
comparison  was  made  of  the  Ontario  Hydro-Electric  Service 
with  that  of  the  privately  owned  utilities  in  the  United 
States,  and  ''power  service — small  load  power"  rates  were 
used.  It  is  obviously  unfair  to  compare  hydro-electric  with 
steam-generated  current  rates,  and  to  select  a  "power  ser- 
vice-— small  load/'  which  is  distinctly  an  undesirable  class  of 
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business  and  requires  a  high  rate  of  compensation  for  its 
poor  load  factor.  The  Hydro-Electric  Commission  does 
not  give  the  careful  consideration  to  its  various  class  rates 
in  order  that  each  should  bear  the  proper  burden  of  the 
expense,  as  is  the  case  in  the  United  States,  where  Public 
Service  Commissions  pass  upon  the  rate  structure.  Public 
Service  Commissions  have  repeatedly  decided  that  the 
charge  for  current  is  properly  determined  by  the  character 
of  service.  I  quote  an  Oregon  decision  on  this  point.  This 
extract  is  from  a  decision  made  by  the  Oregon  Pubhc  Ser- 
vice Commission  in  the  case  of  the  City  of  Grant's  Pass 
et  at.  vs.  Cahfornia-Oregon  Power  Company,  July,  1917: 

"With  the  high  class  business  attached  to  the  system  at  rates 
reasonable  in  comparison  with  the  value  of  the  service  given 
therefor,  additional  service  may  be  extended  to  other  use  at  lower 
rates — necessarily  less  on  account  of  the  lower  value  of  the 
service — which  may  approach,  but  should  in  no  case  go  below, 
the  actual  additional  cost  of  providing  that  service.  The 
acquisition  of  such  business,  especially  if  it  be  served  by  facilities 
already  used  for  other  purposes,  and  at  a  time  when  such  facilities 
are  idle,  may  be  accomplished  at  rates  considerably  above  the 
additional  cost  incurred,  and  under  such  conditions  will  tend 
to  decrease  the  average  unit  cost  of  energy  to  all  classes  previously 
served.  Low  value  business  thus  becomes  an  attractive  asset, 
and  its  promotion,  under  these  conditions,  a  benefit  to  all  con- 
sumers. This  appears  to  us  to  be  a  fundamental  principle  in 
the  development  of  utility  business,  and  one  which,  if  neglected, 
may  retard  the  progress  of  any  enterprise. 

"Proper  consideration  must  also  be  given  to  the  distinction 
between  costs  incident  to  customers,  as  such,  those  attached 
directly  to  the  quantity  of  product  delivered  and  fixed  costs  or 
those,  such  as  interest,  etc.,  which  occur  without  regard  to  the 
volume  of  product  delivered  by  a  given  plant  or  the  number  of 
customers  connected  thereto.  The  latter  group,  especially  in 
hydro-electric  operations,  comprise  a  large  percentage  of  total 
annual  cost  of  service  and  its  equitable  distribution  among 
consumers,  together  with  proper  consideration  of  purely  customer 
costs,  is  a  prime  necessity  if  the  rate  is  to  be  satisfactory  to  the 
consumer  and  at  the  same  time  produce  the  desired  return. 
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"Diversity  factors  in  individual  installations  and  between 
classes  of  consumers,  and  also  probable  load  factors,  enter  into 
rate  making  to  a  degree  which  precludes  discussion  at  this  time." 

Advocates  of  Municipal  or  State  ownership,  and  using  the 
Hydro-Electric  Commission  as  an  example,  generally  give 
the  rates  in  the  cities  and  towns  near  Niagara  Falls  and  adja- 
cent to  their  main  transmission  lines  and  do  not  bring  out  the 
fact  that,  while  the  rates  in  a  narrow  belt  from  Niagara 
Falls  to  Toronto  and  westward  to  Windsor  and  Walkerville 
average  between  1  and  4  cents,  in  other  sections  of  their 
territory  the  prices  are  as  high  as  8  cents  and  over.  Nor 
do  they  allude  to  the  fact  that  the  domestic  service,  which 
is  considered  by  specialists  as  generally  an  expensive  one  to 
maintain,  is  given  unreasonably  low  rates — rates  out  of  all 
proportion  to  the  rates  charged  for  commercial  Hghting,  and, 
in  fact,  for  other  services  with  better  load  factors. 

The  system  of  the  Hydro-Electric  Power  Commission  of 
Ontario  has  been  used  more  than  any  other  to  support  the 
arguments  for  governmental  ownership  and  operation,  and 
has  been  widely  discussed  from  all  angles. 

The  National  Electric  Light  Association,  in  1921,  desiring 
to  have  a  thorough  investigation  made  of  utility  operation 
under  both  private  and  governmental  management,  asked 
the  firm  of  Murray  and  Flood  (of  which  the  author  is  a  mem- 
ber) to  make  an  analytical  study  of  the  subject  both  in  the 
United  States  and  in  Canada.  In  the  first  interview  the 
Committee  of  the  Association  advised  that  it  was  desired 
that  all  possible  data  bearing  on  the  subject  should  be 
presented — that  there  might  be  determined  the  facts  for 
and  against  both  governmental  and  private  ownership  of 
electric  utilities. 

I  was  further  advised  that,  as  the  scale  of  governmental 
operation  found  its  greatest  magnitude  in  the  electric 
properties  in  the  Province  of  Ontario  under  the  leadership 
of  the  Hydro-Electric  Power  Commission,  a  full  examina- 
tion and  presentation  of  the  facts  in  the  case  were  especially 
desired. 
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Previous  professional  investigations  for  the  Hydro- 
Electric  Commission  had  made  me  acquainted  with  its 
Chairman,  and  I  wish  to  say  that  I  held  Sir  Adam  Beck 
in  the  highest  esteem,  considering  him  a  man  of  the  most 
intrepid  courage  of  conviction  and  one  who  had  reared  a 
structure  in  Canada  as  remarkable  for  its  physical  unique- 
ness as  for  the  Administration  associated  with  it.  Now, 
subsequent  to  my  investigation  and  report,  it  is  necessary 
to  say  that  the  Hydro-Electric  Power  Commission  has  done 
what  would  not  be  satisfactory  in  the  United  States — the 
corollary  of  which  is  that,  if  the  conditions  in  Canada  had 
been  what  they  are  in  the  States  today,  the  Hydro-Electric 
Power  Commission,  in  my  opinion,  would  never  have  come 
into  being. 

The  completed  report  was  presented  to  the  National 
Electric  Light  Association  and  published  by  them  without 
change  in  a  230-page  quarto  volume,  containing  numerous 
charts,  diagrams,  and  maps. 

The  summary  of  Conclusions  reported  to  the  Associa- 
tion was  as  follows : 

"After  a  careful  analysis  of  the  governmentally  owned,  con- 
trolled and  operated  electric  utility  structure  as  represented  in 
the  Hydro-Electric  Power  Commission  of  Ontario  I  am  of  the 
opinion,  firstly,  that  the  principles  of  its  application  can  find 
no  place  in  the  United  States;  secondly,  that  to  attempt  the  sub- 
stitution of  its  principles  of  control  and  operation  within  the 
States  would  be  to  strike  a  blow  at  economic  structures,  the  pres- 
ent existence  of  which  are  not  only  far  better  equipped  to  protect 
the  public  interests  in  their  conjunctive  relation  with  the  public 
service  commissions  of  the  States  regulating  their  rates,  but  it 
would  also  be  to  strike  an  equal  blow  at  the  shareholders  of  the 
electric  utilities  which  are  now  serving  the  American  public;  and, 
thirdly,  that  the  Hydro-Electric  Power  Commission  owes  its 
being  only  to  the  fact  that  a  public  service  commission  on  the 
order  of  those  operating  in  the  States  was  not  in  existence  in  the 
Province  of  Ontario  at  the  time  of  its  creation." 

I  support  the  above  statement  in  the  following  con- 
clusions: 
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"Power  as  applied  in  Ontario  from  the  governmentally  owned 
and  controlled  system  in  associate  relationship  with  the  Hydro- 
Electric  Power  Commission  to  be  superior  in  kind  to  that  sup- 
plied by  the  privately  owned  electric  utilities  of  the  United 
States  must  be  more  adequate,  more  reliable,  and  cheaper.  The 
facts  show,  however,  that  the  electric  utilities  of  the  states 
hold  more  power  in  reserve  and  sell  more  energy  per  capita 
served,  that  by  that  token  they  can  claim  a  greater  reliability 
of  supply  and  that  the  supply  is  cheaper  to  the  consumer. 

2.  "At  the  end  of  the  fiscal  year  1920,  out  of  the  total  power- 
plant  capacity  operated  by  the  Hydro-Electric  Power  Commis- 
sion only  23  per  cent  of  it  was  constructed  by  the  Hydro-Electric 
Power  Commission;  the  remainder  represents  plant  capacity 
constructed  at  the  initiative  risk  of  private  investors,  and  in 
acquiring  ownership  of  it  such  intangibles  as  franchise  rights, 
good  will  and  other  intangibles  were  included  in  the  purchase. 
This  intangible  cost,  therefore,  is  represented  in  power  'at 
cost.'  If  a  governmental  plan  of  like  characteristics  to  that  of 
the  Hydro-Electric  Power  Commission  is  to  be  inaugurated  in 
the  United  States,  it  must  include  the  purchase  of  or  the  con- 
tracting of  power  from  existing  utilities  and  the  same  problem  of 
including  intangibles  will  be  presented  here. 

3.  "The  building  of  new  power  plant  facilities  under  the  auspices 
of  government  ownership,  as  shown  in  the  cases  of  Nipigon  and 
Chippewa,  both  in  respect  to  policy  and  cost,  is  not  to  the 
economic  interest  of  the  people. 

4.  "The  advocates  of  government  or  municipal  ownership  of 
electric  utilities  claim  reduction  in  the  cost  of  power  by  virtue  of 

a.  Elimination  of  taxes. 

b.  Elimination  of  dividends. 

c.  Elimination  of  high-salaried  executives. 

d.  More  economical  wage  and  higher  efficiency  in  labor  scale. 
"With  regard  to  (a) — taxes  are  not  eliminated.     Just  as  much 

money  in  taxes  is  paid.  The  difference  is  in  their  distribution. 
In  the  case  of  private  ownership,  only  the  users  of  service  pay 
the  tax  bill,  while  in  the  case  of  government-owned  utilities  all  the 
people  pay  the  bill. 

"With  regard  to  (6),  (c)  and  (d),  notwithstanding  dividends, 
high-salaried  executives  and  the  wage  and  labor  claim,  the  answer 
is:  when  the  total  operations  are  summed  up  the  people  receive 
the  power  at  less  cost  through  private  ownership  under  regulation. 


POLITICAL  OWNERSHIP  31 

5.  "The  investment  of  capital  in  electric  utilities  under  private 
interest  control  is  far  better  protected  from  extravagance  than 
when  that  capital  is  governmentally  owned,  for  the  reason  that 
plans  and  estimates  for  such  capital  expenditure  not  only  must 
gain  the  approval  of  a  trained  engineering  and  managerial  staff 
and  an  experienced  board  of  directors  of  the  companies,  but  it 
also  must  have  the  critical  review  of  the  banker  and  the  private 
financial  investor.  In  the  case  of  government-owned  utilities, 
the  directing  heads  are  seldom  specifically  trained  in  the  business 
under  their  jurisdiction,  and  value  of  securities  is  not  based  upon 
the  value  of  the  property  or  the  efficiency  of  management,  but 
upon  the  taxing  power  of  the  government. 

"Arms,  legs  and  body  are  useless  without  the  head.  A 
high-salaried  executive  usually  saves  many  times  (his  salary 
included)  the  losses  incurred  by  the  cheaper  and  less  efficient 
executives.  Accomplishment  by  individuals  in  control  of  private 
enterprise  is  under  keener  observation  than  is  the  case  when  those 
in  charge  are  governmental  or  municipal  officers. 

6.  "Governmental  ownership  eliminates  all  incentive  for  gain 
and  throttles  initiative.  This  is  evidenced  by  the  far  greater 
growth  of  privately  owned  utilities. 

7.  "The  Hydro-Electric  Power  Commission  is  the  judge  of  its 
own  acts.  A  commission  cannot  fairly  be  the  judge  of  its  own 
(and  others')  rights  in  contentions. 

8.  "Honesty  of  purpose  does  not  necessarily  reduce  the  power 
bill.  The  structure  under  which  it  is  administered  counts  just  as 
much — so  far  as  the  price  is  concerned. 

9.  "The  American  companies  in  the  Niagara  district  are 
supplemented  by  steam  power  far  more  than  those  on  the 
Canadian  side,  and  yet  on  the  American  side  power  is  being 
furnished  at  less  cost  to  the  people. 

10.  "The  Commissions  of  the  States  fully  realize  that  protection 
to  the  people  lies  in  protection  to  the  electric  utilities  from  which 
they  are  receiving  power.  The  authority  delegated  to  them  to 
regulate  rates,  and  the  constitutionality  of  the  law  standing 
behind  any  action  on  their  part  or  on  the  part  of  the  electric 
utilities,  provides  a  structure  constructively  balanced  to  do  justice 
to  all  parties." 

It  is  estimated  that  if  the  United  States  Government 
acquired  ownership  of  all  public  utilities,  $40,000,000,000 
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would  be  required  for  their  purchase,  with  an  annual 
budget  of  $10,000,000,000  and  an  army  of  nearly  3,000,000 
employees  to  operate  them.  These,  with  their  relatives 
and  friends,  would  equal  almost  a  third  of  our  voting  popu- 
lation— a  perilous  menace  of  bureaucracy,  which  an  unor- 
ganized and  divided  public  would  find  it  hard  to  offset. 

Private  individuals  and  corporations  are  subject  to 
investigation,  indictment,  and  conviction  by  the  authori- 
ties for  wrong  doing.  Is  it  conceivable  that  public  office 
holders  would  investigate,  indict,  and  convict  themselves 
through  any  pricking  of  their  own  consciences? 

As  is  shown  in  our  national  elections,  occurring  every 
fourth  year,  the  public  is  the  Court  of  True  Balance,  and  it 
functions  also  as  the  ultimate  tribunal  of  the  electric  ser- 
vice companies  to  insure  to  the  citizen  proper  service  and 
to  the  citizen  investor  a  fair  and  reasonable  return  on  the 
utility  securities  which  he  holds.  To  insure  a  reasonable 
rate  we  must  insure  the  utility.  It  cannot  be  "power  at 
cost."  This  means  only  bankruptcy  and  abandonment  of 
service.  The  problem  is  at  "what  cost"  and  this  is  a 
question  which,  in  the  last  analysis,  must  and  will  be  deter- 
mined by  the  Court  of  True  Balance.  A  tribunal  of  the 
public  should  demand  adequate  service  to  meet  its  needs 
and  also  a  fair  return  on  the  investment  of  their  savings  in 
utility  securities. 

Such  is  the  function  of  the  Public  Service  Commissions 
of  this  country. 

The  Standard  commercial  rating  shows  default  in  1923  on 
electric  utility  bond  issues  of  only  twelve-hundredths  of  1 
per  cent,  or  a  total  of  $1,209,704,  as  against  7.53  per  cent, 
or  $77,735,531,  on  banks  and  31.89per  cent,  or$319,114,840, 
on  railroads.  A  number  of  states  have  already  passed  laws 
authorizing  the  investment  of  Savings  Bank  and  trust 
funds  in  pubhc  utility  bonds,  and  this  privilege  will  undoubt- 
edly become  general  in  a  short  time. 

Notwithstanding  this  record  of  discharged  obligations  to 
the  investing  public,  and  a  standing  record  of  not  one  JVIuni- 
cipal  plant  rendering  a  service  either  as  reliable  or  as  eco- 
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nomical  as  that  rendered  by  comparable  privately  owned 
plants,  a  select  few  of  our  national  economic  iconoclasts  put 
their  heads  together  and  prepared  a  Federal  Act  providing 
for  a  National  Public  Superpower  System  which  actually 
received  the  dignity  of  a  hearing,  though  it  is  my  under- 
standing that  not  more  than  four  noses  could  be  counted 
at  the  time  of  its  reading.     Its  summary  follows : 

1.  A  nation-wide,  public  superpower  system. 

2.  The  conservation  of  the  natural  resources  of  the 
nation,  especially  of  water  power  and  fuel,  and  their  utmost 
and  most  economical  possible  utilization  and  development 
for  the  production  of  electric  power. 

3.  The  co-ordination  of  irrigation,  flood  control,  naviga- 
tion, and  hydro-electric  power  production  in  order  to  secure 
the  best  results  for  all. 

4.  The  enlargement  and  expansion  of  the  Reclamation 
Service  in  the  fields  of  agriculture,  home  building,  and  electric 
power  service. 

5.  Service  at  cost  with  the  cost  reduced  to  the  lowest 
possible  point  through  the  economies  of  large-scale  produc- 
tion, amortization  of  the  capital  account,  etc. 

6.  Federal  aid  to  States,  cities,  counties,  districts,  and 
other  political  subdivisions  in  the  development  of  public 
superpower  systems  and  service  at  cost. 

7.  A  bond  issue  of  $500,000,000  to  provide  a  revolving 
fund  for  the  initial  financing  of  the  system,  which  it  is 
provided  shall  be  self-sustaining. 

8.  The  system  to  be  under  the  direction  of  an  independent 
and  permanent  Commission  of  three  persons  to  be  appointed 
by  the  President  of  the  United  States  with  the  approval  of 
the  United  States  Senate  to  hold  office  during  good  behav- 
ior but  subject  to  recall  by  joint  action  of  both  houses 
of  Congress  for  cause.  The  Commission  is  thus  made 
permanent. 

9.  The  whole  system  is  removed  completely  and  abso- 
lutely from  politics  and  political  vicissitudes  by  the  above 
and  additional  special  provisions.  The  public  superpower 
system  will,  therefore,  not  he  a  political  affair. 
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10.  The  bill  reduces  by  one  the  number  of  Federal 
commissions.  It  does  not,  therefore,  increase,  but  rather 
descreases,  the  number  of  commissions. 

11.  It  is  proposed  to  accomplish  the  above  by  providing 
(a)  that  the  duties,  authority,  and  functions  of  the  present 
Federal  Power  Commission  be  transferred  to  the  proposed 
Public  Service  Commission;  and  (6)  that  the  present  Recla- 
mation Service  be  transferred  from  the  Department  of  the 
Interior  to  the  proposed  Public  Service  Commission. 

12.  It  is  specifically  provided  that  the  Government  power 
system  at  Muscle  Shoals  be  placed  under  the  control  of  the 
proposed  Pubhc  Service  Commission,  to  be  completed, 
developed,  and  extended  as  found  practical  and  made  a 
part  of  the  general  public  superpower  system. 

13.  It  is  provided  that  in  connection  with  the  public 
superpower  system  there  shall  be  developed  the  manufacture 
and  distribution  of  nitrate  and  fertilizers  to  be  supplied  to 
the  farmers  at  cost. 

14.  That  the  system  shall  manufacture  nitrates  and 
explosives  as  needed  by  the  United  States  Government 
for  the  Army  and  Navy,  also  at  cost. 

Although  this  proposal  of  the  Public  Ownership  League 
received  scant  consideration  from  our  Federal  legislators, 
it  is  quoted  here  in  order  to  show  the  fallacious  arguments 
of  this  group,  which,  though  they  will  not  bear  even  casual 
analysis,  are  nevertheless  cloaked  in  clever  guise  which 
deceives  those  who  are  not  familiar  with  the  subject,  as  well 
as  that  altogether  too  numerous  group  of  our  citizens  who 
are  only  too  prone  to  criticize  the  existing  order  of  things, 
and  are  swayed  by  every  shifting  breeze.  Seeds  of  discon- 
tent are  thus  sown  in  the  most  fertile  fields  of  our  national 
prosperity. 

Vast  powers  were  to  be  given  to  the  Commission  in  this 
proposed  Act,  not  only  to  take  over  the  work  now  functioned 
by  other  departments  of  the  Government,  but  to  have 
control  over  public  lands,  to  acquire  by  purchase,  lease, 
condemnation,  or  otherwise,  land,  water,  water  rights,  coal, 
coal  land,  mines,  transportation  lines,  oil,  gas,  and  other 
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fuel  resources  of  any  kind,  or  any  water-power  works, 
machinery  or  plant,  or  property  of  any  kind  necessary  or 
convenient  for  reclamation  projects  or  for  the  production 
of  electric  power;  to  construct,  complete,  and  operate,  or 
to  undertake  the  construction,  completion,  and  operation 
of  vast  enterprises,  such  as  canals,  power  houses,  railroads, 
mines  etc. ;  to  contract  with  electric  generating  plants  of  any 
kind  for  power  and  to  develop  plants  in  public  interest, 
purchase  in  the  open  market,  or  otherwise,  shares  of  any 
incorporated  company,  or  lease  or  operate  electric  plants. 

In  fact,  their  powers  are  boundless  and  only  Hmited  by 
the  $500,000,000  placed  in  their  hands  by  the  proposed 
Act,  with  probable  demands  for  further  appropriations 
later. 

They  even  have  authority  to  sell  at  will  lands  acquired. 
They  are  required  also,  by  the  Act,  to  make  investigations 
for  States  or  Municipahties  that  desire  to  develop  electric 
service,  and  to  aid  in  the  financing  of  such  projects. 

The  three  Commissioners  who  are  given  this  vast  power 
and  authority- — ^and  to  function  properly  in  such^a  task 
they  should  be  superexecutives — are  to  be  paid  the  princely 
salary  of  $7500  a  year,  payable  monthly. 

The  above  comments  seem  almost  unnecessary  if  my 
readers  have  reviewed  the  full  text  of  the  proposed  Act. 

Says  Senator  Capper: 

"Tax-free  securities  are  coaxing  capital  from  industry  so  it 
may  evade  bearing  its  share  of  the  burden  of  the  World  War 
cost  and  of  government.  The  wealthy  are  getting  out  from 
under  and  leaving  the  average  citizen  to  struggle  with  the 
terrifically  heavy  tax  load. 

''The  public  debt,  national,  state  and  local,  represented  by  tax- 
free  securities,  is  estimated  at  $45,000,000,000.^  Wealth,  so 
invested,  shares  no  part  of  the  tax  burden.     It  is  slacker  wealth. 

"The  United  States  is  increasing  this  tax-dodging  opportunity 
at  the  rate  of  about  a  billion  dollars  a  year.  Cities,  Counties 
and  States  are  issuing  millions  of  dollars  in  bonds  every  week. 
Some  cities  virtually  have  reached  their  debt  limit  under  the  law. 

iThis  figure  is  believed  to  exaggerate  the  amount  now  outstanding. 
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Their  recourse  is  to  kite  property  valuation,  thereby  increasing 
taxes.  Eventually  that  is  likely  to  happen  in  the  country. 
And  meantime  many  business  enterprises,  vitally  related  to  the 
progress  and  prosperity  of  every  one  of  us,  are  hard  put  to  it  to 
get  adequate  capital  at  rates  that  are  reasonable.  Money  that 
should  be  at  work  in  industry  and  agriculture  is  loafing  in  tax- 
free  bonds. 
' '  I  am  in  favor  of  putting  an  end  to  the  issue  of  tax-free  securities." 

With  the  exception  of  the  taxes  on  luxuries — such  as 
tobacco  products  and  malt  liquors- — electricity  pays  the 
highest  rate  on  value  of  product.  Gas  service  follows 
with  $5,717  per  $100.  Electric  service  companies  are  pay- 
ing in  taxes  on  an  average  over  $10  annually  on  every  $100 
of  gross  revenue! 

About  $1,400,000,000  of  tax-exempt  State  and  Municipal 
bonds  were  issued  during  1924,  and  were  sold  at  prices  to 
yield  from  3.9  to  4.37  per  cent. 

Corporation  financing  reached  a  total  of  $2,750,000,000. 
One-seventh  of  this  amount  was  required  for  refunding,  six- 
sevenths  representing  new  capital.  Of  corporation  financ- 
ing 60  per  cent  was  for  utilities— 25  per  cent  for  railroads. 

The  average  rate  of  return  on  electric  utility  senior  securi- 
ties sold  in  the  early  part  of  1924  was  slightly  over  6  per  cent 
and  at  the  close  under  6  per  cent,  some  issues  having  been 
sold  to  yield  less  than  5  per  cent.  Over  $1,000,000,000  of 
new  capital  was  added  to  the  electric  utilities  during  the 
year,  making  the  total  outstanding  about  $6,600,000,000. 


CHAPTER  V 
THE  SUPERPOWER  SURVEY 

Appreciating  the  vast  waste  in  the  production  and 
appHcation  of  power  in  both  industry  and  transportation, 
I  urged  in  1918  that  Congress  be  asked  to  create  a  com- 
mission, under  the  auspices  of  the  Department  of  Interior, 
to  make  a  comprehensive  study,  in  a  given  zone,  of  the 
existing  primary  power,  together  with  an  intensive  study 
of  the  industrial  and  railroad  power  requirements  in  the 
future. 

This  project  received  the  hearty  approval  of  leading 
engineers  and  prominent  representatives  of  business,  and 
was  officially  endorsed  by  many  engineering,  commercial, 
and  civic  bodies. 

One  of  the  earliest  and  most  ardent  supporters  of  the 
superpower  plan  was  the  late  Franklin  K.  Lane,  then 
Secretary  of  the  Interior.  I  feel  that  recognition  of  the 
broad  and  far-sighted  judgment  of  this  distinguished  gentle- 
man and  statesman  can  be  most  fittingly  presented  by 
publishing,  at  this  point,  his  letter  of  June  20, 1919,  addressed 
to  President  Buckland  of  the  New  York,  New  Haven  and 
Hartford  Railroad  Company,  who  was  also  one  of  the  first 
to  vision  the  value  of  the  movement  and  ardently  to  support 
it. 

At  this  moment  I  cannot  refrain  from  referring  to  my 
friend  E.  G.  Buckland,  at  whose  residence  in  New  Haven 
one  evening  early  in  November  of  1918,  under  his  rapt 
attention  and  interest,  I  outUned  Superpower  and  my 
plan  of  presenting  it  to  Congress.  At  that  time,  it  seemed 
to  me  that  the  Governmental  approach  should  be  through 
the  United  States  Railroad  Administration.  Mr.  Buckland 
thought,  however,  the  Department  of  the  Interior  was  the 

37 


38  SUPERPOWER— ITS  GENESIS  AND  FUTURE 

better  channel.  In  this,  as  in  other  matters,  his  counsel 
was  good;  also  he  knew  Secretary  Lane.  It  was  arranged 
that  he  should  introduce  me  to  the  Secretary.  On  the  wall 
in  my  office  is  a  telegram  from  Mr.  Buckland,  reading 
"Secretary  Lane  will  see  us  ten  o'clock  Saturday  morning. 
Meet  me  at  New  Willard  at  8:30."  I  cherish  the  telegram 
and  have  captioned  it  ''The  Birth  of  Superpower." 

The  interview  with  Secretary  Lane  was  constructively 
interesting.  Mr.  Buckland  opened  the  conference  by  ask- 
ing me  to  repeat  as  nearly  as  possible  what  I  had  said 
at  his  house.  The  Secretary  listened  with  intense  interest 
and  when  the  presentation  was  concluded  he  called  Dr. 
George  Otis  Smith,  Director  of  the  U.  S.  Geological  Survey, 
on  the  phone  and  asked  him  to  join  us  at  his  office.  The 
story  was  repeated  and,  to  my  delight,  he  was  no  less 
interested  than  Secretary  Lane.  Then  and  there  Super- 
power was  started  on  its  way  to  Congress.  No  one  could 
have  been  more  fortunate  than  I  to  have  had  the  friendship, 
help,  and  counsel  of  Dr.  Smith,  under  the  auspices  of  whose 
Department,  the  U.  S.  Geological  Survey,  the  Superpower 
Survey  a  year  and  a  half  later  was  to  begin. 

Shortly  afterward,  at  Springfield,  Mass.,  the  first  cam- 
paign gun  was  fired  for  Superpower,  when  I  was  invited 
to  address  the  Western  Massachusetts  Engineering 
Association.  There  Lester  P.  Breckenridge,  head  of  the 
Department  of  Mechanical  Engineering,  Yale  University, 
and  later  at  my  request  to  become  Chairman  of  the  Advi- 
sory Board  of  the  Superpower  Survey,  was  present,  as  also 
was  Dr.  Smith.  It  was  fine  backing,  that  these  two  gave 
me  on  that  evening.  Following  this  came  many  other 
addresses  before  Chambers  of  Commerce,  business  associa- 
tions, colleges,  and  engineering  societies.  Superpower  was 
becoming  known  throughout  the  country,  as  well  as  at 
Washington.  Dr.  Smith,  with  enthusiasm  no  less  than  my 
own,  delivered  an  address  before  the  Convention  of  the 
National  Electric  Light  Association  at  Atlantic  City  on 
May  20,  1919.  It  is  to  this  address  that  Secretary  Lane 
refers  in  the  following  letter: 
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Department  of  the  Interior 

Washington 

June  20,  1919. 
My  dear  Mr.  Buckland : 

"In  response  to  your  request  of  this  morning  for  the  latest 
information  concerning  the  plans ;  that  have  been  formulated  to 
study  the  power  supply  of  the  North  Atlantic  seaboard,  I  am 
very  glad  to  give  you  the  present  status  of  the  undertaking,  for 
I  feel  gravely  concerned  that  in  the  haste  required  to  enact  the 
supply  bills  before  July  1st  favorable  action  on  this  important 
matter  may  not  now  be  taken. 

"I  know  that  you  will  be  gratified  to  learn  of  the  enthusiastic 
approval  that  the  plan  has  received  from  business  and  professional 
men  and  from  the  public  generally.  Railroad  men,  who,  like 
yourself,  are  interested  in  obtaining  a  power  supply  for  the  exten- 
sion of  electrification  and  with  whom  I  have  talked,  indorse  the 
plan.  Indeed,  it  is  impossible  for  them  to  do  otherwise  in  view 
of  the  fact  that  its  adoption  makes  possible  the  utilization  of 
one  horsepower  where  two  are  today  required  and  one  pound  of 
coal  where  two  are  now  burned.  I  have  received  letters  from 
the  executives  of  large  industries  who  look  forward  to  the  con- 
summation of  this  plan  to  solve  their  problems  of  energy  supply, 
but  no  letters  that  I  have  received  along  these  lines  have  encour- 
aged me  more  than  the  splendid  indorsement  tendered  by  the 
convention  of  the  National  Electric  Light  Association  in  the  rati- 
fication of  the  paper  presented  by  Director  Smith  as  an  exposition 
of  this  plan.  That  this  association,  representing  the  electrical 
utilities  of  the  country,  sees  the  time  has  come  to  provide  for 
regional  rather  than  local  power  supply  is,  indeed,  a  weighty 
indorsement.  Further,  you  will  be  interested  to  know  that 
outside  of  the  commercial  field  I  have  received  indorsements 
from  the  highest  technical  authorities  of  this  country. 

"To  you,  who  have  been  so  closely  associated  with  the 
application  of  electricity  in  large  bulk  to  railway  transportation 
and  understand  so  thoroughly  the  economies  accruing  therefrom, 
this  plan  has  an  even  stronger  appeal  because  it  means  that  we 
will  continue  to  expand  and  do  larger  things  in  a  more  efficient 
way  than  the  smaller  things  we  have  done  in  a  less  efficient  way. 
But  the  natural  conservatism  of  engineers  to  indorse  new  under- 
takings until  all  the  controlling  elements  in  the  problem  have 
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been  thoroughly  understood  would  be  expected  to  result  in  their 
approval  of  this  plan  only  if  they  see  success  ahead.  I  was 
gratified,  therefore,  to  receive  a  copy  of  the  resolution  recently 
passed  by  the  American  Institute  of  Electrical  Engineers  indors- 
ing the  project  and  tendering  the  facilities  and  co-operation  of 
the  Institute.  With  these  comprehensive  indorsements  I  feel  no 
hesitation  in  pressing  with  the  utmost  vigor  to  obtain  the 
authorization  necessary  to  start  the  investigation. 

"I  believe  that  I  sent  you  a  copy  of  the  letter  that  was  addressed 
to  the  chairman  of  the  Appropriations  Committee  of  the  last 
Congress  outlining  the  general  plan.  Since  the  letter  was  sent  I 
have  had  the  benefit  of  conferences  with  men  representing  all 
lines  of  interests  that  must  be  considered.  In  my  discussion  with 
them  I  have  gained  a  more  definite  impression  of  the  lines  that 
such  an  investigation  must  take  and  a  more  specific  realization 
of  the  problems  that  will  need  to  be  studied.  I  have  been  grati- 
fied that  the  prophecy  made  in  that  letter  concerning  the 
industrial  expansion  of  this  country  after  the  first  effects  of  the 
war  had  passed  is  already  on  the  way  to  fulfillment.  Indicators 
of  this  expansion,  are  first,  the  increased  output  of  central  power 
stations;  second,  the  increase  in  bank  clearings;  and,  third,  the 
advance  in  the  value  of  industrial  stocks  and  bonds.  The 
demand  for  power  which  I  strongly  felt  would  follow  the  resump- 
tion of  activity  is  already  apparent  in  most  industrial  centers. 
A  further  and  specific  indication  of  this  industrial  expansion  is  the 
fact  that  one  of  the  largest  power  companies  in  New  England  has 
placed  orders  for  a  very  considerable  increase  in  generating 
equipment. 

"It  has  been  necessary  for  me  to  explain  from  time  to  time  the 
reasons  why  I  am  now  advocating  the  investigation  of  the  power 
supply  of  the  North  Atlantic  seaboard  and  am  refraining  from 
urging  at  this  time  that  such  a  study  be  made  for  other  portions 
of  the  country.  This  apparent  preference  is  because  of  my 
belief  that  the  industrial  awakening  is  most  pronounced  in  the 
northeast,  where  an  active  market  for  manufactured  products 
automatically  creates  a  maximum  demand  for  power.  The 
general  flow  of  industrial  raw  materials  in  the  course  of  their  con- 
version into  manufactured  articles  is  from  the  west  toward  the 
east  and  the  northeastern  states  constitute  the  most  important 
finishing  shop  for  the  country's  industry.  The  work  done  in  the 
factories  of  the  New  England  and  Middle  Atlantic  States  is  the 
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last  step  in  production,  and  from  these  factories  the  goods  are 
placed  on  shipboard  for  the  competitive  markets  of  the  world. 

"In  this  industrial  region  skilled  labor  reaches  its  greatest 
concentration  and  is  permanently  established  through  the  natural 
attachment  of  workmen  to  their  homes.  We  cannot  expect 
to  bring  about  the  migration  of  these  skilled  workmen  in  large 
groups  to  new  sources  of  power  supply,  we  must  rather  bring 
economical  power  to  the  communities  in  which  the  workmen 
have  become  established.  Each  manufacturing  community  has 
also  a  commendable  pride  in  its  industries  and  an  ambition  to 
produce  the  best  that  the  world  affords.  The  name  of  the  city 
of  Waltham  inevitably  brings  to  mind  its  greatest  industry. 
Therefore,  the  maintenance  of  these  industries  in  their  present 
efficient  state  becomes  of  the  greatest  importance  to  the  industrial 
organization  of  the  country  and  I  reason  therefrom  that  the 
supply  of  these  communities  and  industrial  centers  with  a  cheap, 
reliable,  and  therefore  economical  supply  of  power  is  not  a  local 
but  a  national  problem  of  paramount  and  commanding  impor- 
tance. I  say  this  with  no  intention  of  ignoring  the  power  require- 
ments of  other  portions  of  the  country;  indeed,  this  investigation 
of  the  power  conditions  on  the  North  Atlantic  seaboard  will  be 
followed  by  similar  adequate  provision  for  the  growth  of  power 
needs  in  other  industrial  regions.  But  it  is  perfectly  patent  that 
the  region  under  discussion  is  the  one  that  now  stands  in  the 
greatest  need. 

"I  have  had  no  occasion  to  modify  materially  the  general 
conclusions  previously  reached  concerning  the  economies  that 
may  be  obtained  by  the  creation  of  a  superpower  generation  and 
transmission  system.  Some  of  the  engineering  and  economic 
problems  in  connection  with  such  a  system  have  been  studied  in 
detail  during  the  last  few  months  by  eminent  engineers  and  the 
economies  to  be  obtained  through  railroad  electrification,  through 
the  interconnection  of  electric  power  plants,  and  through  the 
bulk  generation  of  large  quantities  of  power  have  been  confirmed. 
I  am  also  established  in  my  belief  that  the  present  power  com- 
panies will  maintain  their  entities,  becoming  primarily  distribu- 
tors of  power  received  in  bulk  from  the  superpower  system,  and 
thus  be  able  to  furnish  this  lower-cost  power  at  reduced  prices 
to  the  consumers. 

"I  have  called  attention  earlier  in  this  letter  to  the  fact  that  the 
stage  is  set  for  an  industrial  growth  in  the  United  States  without 
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precedent.  As  economical  power  is  one  of  the  vital  elements  in 
that  expansion,  industrial  progress  will  be  seriously  handicapped 
and  unquestionably  retarded  unless  the  comprehensive  plan  of 
power  supply  as  outlined  is  adopted. 

"Realizing  the  strategic  importance  to  the  nation  of  the  develop- 
ment of  this  plan  I  still  hope  that  we  may  obtain  favorable  action 
by  Congress  at  this  session  in  order  that  no  time  may  be  lost.  If, 
however,  it  should  appear  that  the  time  has  been  too  short  to 
awaken  in  the  minds  of  the  representatives  of  the  country  an 
appreciation  of  the  vital  character  and  the  national  importance 
of  this  investigation  I  know  that  such  inaction  will  be  but  tempo- 
rary. The  lack  of  immediate  results  should  only  stimulate  in  us 
a  resolve  to  continue  to  bring  before  Congress  in  tangible  form 
the  need  that  surely  exists.  In  answer,  therefore,  to  your 
suggestion  I  see  no  reason  why  you  and  other  far-sighted  business 
men  who  have  an  appreciation  of  the  value  of  such  a  plan  should 
not  take  every  opportunity  of  meeting  the  requests  of  Chambers 
of  Commerce  and  Boards  of  Trade  for  careful  and  open  discussion 
of  the  project  and  I  will  be  greatly  interested  to  learn  their 
conclusions." 

Cordially  yours, 

(Signed)  Franklin  K.  Lane. 

Early  in  1920,  the  superpower  idea  received  the  endorse- 
ment of  the  House  and  Senate  Committees  on  Appropria- 
tions. Chairman  James  W.  Good  of  the  house,  after  hear- 
ings in  Committee,  at  which  Prof.  L.  P.  Breckenridge,  Prof. 
D.  C.  Jackson,  Mr.  M.  O.  Leighton,  and  the  author  made 
presentations  of  the  plan,  earnestly  worked  for  the  passage 
of  the  Act  and  Congress  finally  gave  authority  to  the  Secre- 
tary of  the  Interior  to  create  the  Superpower  Survey.  It 
was  included  in  the  Sundry  Civil  Appropriation  Act  for 
the  fiscal  year  ending  1921,  and  added  to  the  budget  of 
the  U.  S.  Geological  Survey  the  necessary  funds  to  cover 
the  expense. 

Effective  July  1,  1920,  I  was  appointed  by  John  Barton 
Payne,  then  Secretary  of  the  Interior,  as  Engineering  Chair- 
man of  the  Superpower  Survey;  the  work  to  be  carried  on 
under  the  immediate  auspices  of  the  U.  S.  Geological  Sur- 
vey, of  which  Dr.  George  Otis  Smith  was  (and  now  is)  the 
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Director.  Notwithstanding  Dr.  Smith's  many  and  arduous 
duties,  his  constant  attendance  at  the  Engineering  and 
Advisory  Board  meetings  was  the  manifest  of  his  interest 
and  his  counsel  was  of  invaluable  worth. 

The  Secretary  drew  the  Survey  entirely  out  of  the  reach 
of  pohtics  by  saying  on  the  day  of  my  appointment  that  he 
would  confirm  all  of  my  recommendations  as  to  the  engi- 
neering staff  and  Advisory  Board  appointments.  This  he 
followed  to  the  letter. 

Associated  with  the  engineering  staff,  at  my  request, 
were  Mr.  N.  C.  Grover,  Chief  Hydraulic  Engineer  of  the 
U.  S.  Geological  Survey,  and  Mr.  O.  P.  Hood,  Chief  Engi- 
neer of  the  Bureau  of  Mines.  The  other  principal  officers 
on  the  staff  were  Dr.  Cary  T.  Hutchinson,  Mr.  L.  E.  Imlay, 
Mr.  Henry  Butler,  and  Mr.  Henry  Flood,  Jr.,  the  last  named 
now  being  my  partner  in  the  firm  of  Murray  and  Flood. 

Associated  with  the  Survey  was  an  Advisory  Board,  to 
which  reference  has  been  made. 

Congress  appropriated  $125,000  for  the  Survey  and 
Report  and  the  time  allotted  was  one  year.  The  work 
started  July  1,  1920,  and  the  report  was  mailed  from  New 
York  to  Washington  on  the  evening  of  June  30,  1921.-  The 
appropriation  was  not  overrun. 

The  territory  surveyed  was  from  Boston  to  Washington 
and  inland  from  the  coast  about  150  miles — in  all  an  area 
embracing  some  60,000  square  miles. 

The  conclusion  reached  in  the  Report  was  that,  if  the 
recommended  plan  of  power  production  within  the  terri- 
tory named  was  followed,  then  the  net  result,  as  of  1930, 
compared  to  unit  costs  of  operation  for  1919,  would  be 
in  an  annual  saving  of  over  $500,000,000,  in  which  there 
would  also  be  a  conservation  of  50,000,000  tons  of  coal. 
This,  even  upon  the  basis  of  so  high  a  return  as  10  per  cent 
per  annum,  would  justify  an  expenditure  of  $5,000,000,000, 
but  the  physical  cost,  however,  was  shown  to  be  not  more 
than  $1,500,000,000,  or  less  than  one-third  that  sum. 
These  findings  were  presented  to  the  American  public  in 
1921.     Therefore,  over  four  years  have  passed  since  these 


44  SUPERPOWER— ITS  GENESIS  AND  FUTURE 

conclusions  were  announced  and,  as  Secretary  Hoover  of 
the  Department  of  Commerce  recently  and  tritely  said, 
''No  one  has  yet  been  able  to  kick  a  hole  in  it." 

It  is  no  compliment  to  myself  to  say  that  I  agree  with 
Mr.  Hoover  in  this  statement.  As  Chairman  of  the  Survey 
I  was  surrounded  by  the  flower  of  American  engineering. 
In  addition  to  the  excellent  engineering  staff  of  the  Survey 
working  in  co-ordinated  effort  under  the  same  roof,  were 
the  engineers  of  the  electric  utilities,  the  railroads,  indus- 
tries, and  the  electrical  manufacturing  companies,  who  were 
"on  call"  for  any  and  all  experience  and  data  which  they 
could  furnish,  and  this  they,  indeed,  did  willingly. 

The  office  of  the  Survey  was  a  sort  of  Mecca — a  meeting 
place — of  the  best-known  consulting  engineers  of  this 
country — in  fact,  of  the  world.  They  were  skilled  in  the 
arts  associated  with  the  problems  we  were  solving  and  were 
intensely  interested  in  the  subject  itself.  I  cannot  refrain 
from  mentioning,  in  passing,  that  on  one  occasion,  while 
on  the  way  to  my  own  office,  I  passed  that  of  Mr.  L.  E.  Imlay, 
the  engineer  who  was  in  charge  of  the  Division  of  Power 
Transmission,  and  who  had  long  been  associated  with  the 
electrical  development  of  Niagara  Falls.  His  door  ajar, 
I  saw  gathered  around  him  the  peers  of  the  country  on 
electric  power  transmission — some  eight  or  ten  of  them — 
with  their  heads  together  discussing  and  planning  the 
relation  of  the  transmission  and  distribution  of  electric 
energy  to  the  economic  power  and  load  centers.  I  could 
not  but  associate  with  this  sight  the  cost  that  would  have 
been  incident  to  their  services  had  they  been  disposed  to 
charge  their  usual  per  diem.  This,  however,  was  farthest 
from  their  minds,  and  in  its  place  was  their  patriotic  contri- 
bution to  a  national  cause,  a  spirit  which  was  in  constant 
evidence  throughout  the  entire  period  of  survey.  We  were 
all  conscious  that  plans  were  being  perfected  to  plot  the 
future  national  power  policy. 

Conscious  of  my  own  limitations,  it  was  embarrassing  at 
times  to  have  to  face  men  who  in  their  own  special  lines 
knew  so  much,  and  so  much  more  than  I.     So  I  agree  with 
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Mr.  Hoover,  that  no  one  has  kicked  a  hole  in  the  Superpower 
Report.  The  one  who  does  will  have  to  know  more  elec- 
tricity than  all  the  aforementioned  men  put  together;  a 
picked  group  whose  objective  was  the  assembly  of  facts 
upon  which  to  base  conclusions  and  whose  conclusions  were 
later  presented  in  the  finished  report. 

So  much,  therefore,  for  the  methods  pursued  in  the  pro- 
duction of  the  document  known  as  Professional  Paper  123, 
and  entitled  "A  Superpower  System  for  the  Region  between 
Boston  and  Washington."  In  1921  this  report  was  pre- 
sented to  the  American  public,  through  the  United 
States  Geological  Survey,  and  the  ensuing  pages  will  be 
an  index  to  what  has  resulted  from  its  recommendations. 
Before  proceeding,  however,  it  may  be  of  interest  and 
assistance  to  present  some  of  the  economic  results  that  have 
accrued  through  the  practice  of  the  principles  of  superpower 
when  applied  to  a  specific  territory,  which  has  recently  been 
surveyed  and  reported  upon  by  my  firm.  This  may  serve  to 
bring  out  more  clearly  the  real  meaning  of  '^  diversity  econ- 
omy," the  practice  of  which  represents  superpower  just 
100  per  cent.  At  the  risk  of  repetition  it  may  be  well 
to  describe  rather  than  define  ''diversity  economy." 

In  the  past  the  electric  utihty  companies  have  grown  up 
under  the  regime  of  city  or  district  distribution  of  power. 
This  was  an  entirely  normal  procedure,  since  what  can  be 
better  accomplished  today  was  not  possible  a  few  years 
ago .  If ,  as  of  1 9 1 9,  we  had  examined  the  territory  embracing 
the  generation  and  distribution  of  electricity  in  the  entire 
country,  we  would  have  found  it  divided  up  into  independ- 
ent power  zones,  the  geographical  centers  of  which  were 
not  at  great  distance  from  their  bounding  perimeters. 
These  zones,  as  previously  described,  embraced  cities,  the 
environs  of  cities,  and,  in  some  instances,  reached  out  from 
these  centers  to  some  distance,  but  wherever  electric  energy 
was  delivered,  generally  speaking,  its  source  could  have 
been  traced  back  to  only  one  or  two  power  centers. 

Today,  and  suddenly,  there  has  been  developed  an 
ability  to   transmit   power  in   very   large    bulk    to    very 
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great  distances.  There  are  localities  in  this  country  where 
it  is  economically  feasible  to  transmit  500,000  horsepower 
500  miles.  This  possibility  has  changed  the  order  of  power 
generation,  transmission,  and  distribution. 

In  a  very  large  majority  of  these  cases  it  will  be  seen 
that,  as  of  1919,  the  generation  and  the  distribution  of 
power  were  made  by  companies  operating,  as  it  was  termed 
in  the  Superpower  Report,  upon  an  ''independent  basis." 
That  is  to  say,  the  true  power  centers  of  generation,  though 
they  are  today  within  economic  transmission  distances, 
were  not  so  in  the  earlier  days;  moreover,  connections  that 
were  feasible  in  1919  were  to  a  very  large  extent  not  taken 
advantage  of.  This  is  no  reflection  upon  the  electric  utili- 
ties— Rome  was  not  built  in  a  day;  much  ready  money 
was  required  to  effect  these  improvements  and  also  a  full 
understanding  had  not  been  reached  as  to  its  desirability. 
Indeed,  it  was  just  these  facts  that  led  me  to  believe  that  a 
survey  of  the  character  made  would  be  of  great  value. 
That  it  has  been  of  service  is  evidenced  by  the  almost  daily 
mergers  and  consolidations  of  electric  power  interests,  which 
greatly  facihtate  the  putting  into  practice  of  superpower 
principles. 

My  firm  has  been  retained  in  a  number  of  these  studies 
of  consohdation,  and  while  a  presentation  of  the  specific 
reports  rendered  cannot  be  given  here,  the  actual  data 
collected  in  a  few  cases  can  be  used  in  the  abstract  to  illus- 
trate the  resulting  effects  that  can  be  brought  about  by  the 
practice  of  diversity  economy. 

The  first  of  the  surveys  mentioned  above  applied  to  a 
region,  chiefly  agricultural  in  character,  having  but  few 
large  manufacturing  centers.  Here  the  existing  central 
stations  are  small  in  size  and  but  rarely  interconnected, 
and  then  only  by  lines  having  very  small  capacity. 

The  region  has  but  little  available  water  power  and,  in 
general,  its  rivers  are  too  small  to  supply  the  condensing 
water  necessary  to  very  large  steam  plants. 

However,  within  the  region  there  are  three  rivers  which 
will  support  large  base  load  plants,  and  there  are  sites  upon 
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those  rivers  where  advantageous  freight  rates  can  be  obtained 
for  coal. 

The  determination  of  the  economic  plan  of  development 
was  arrived  at  by  comparing  the  resultant  costs  under  the 
best  conceivable  plan  of  independent  operation  of  the  43 
utility  companies  in  the  region  with  the  resultant  costs 
from  the  operation  of  the  43  utilities  as  a  superpower  unit. 

It  was  found  that  by  the  time  interconnection  could  phys- 
ically be  completed  under  the  best  independent  operation 
550,000  kilowatts  of  effective  capacity  would  be  required 
to  meet  the  demand,  as  against  538,500  kilowatts  for  super- 
power operation,  the  reduction  being  made  possible  princi- 
pally because  of  the  joint  use  of  plant  reserves,  and  to  some 
extent  by  the  time  diversity  between  the  demands.  Com- 
plete interconnection  would  also  permit  the  reserve  capacity 
to  be  reduced  from  28.6  to  24.7  per  cent  of  the  demand. 

Under  the  superpower  plan  a  very  large  proportion  of 
the  existing  capacity  could  be  retained  and  profitably  oper- 
ated on  peak-load  production,  and  in  the  instance  of  a 
few  of  the  more  efficient  plants  these  could  be  operated  on 
run  of  load.  However,  the  bulk  of  the  energy  could  be 
produced  in  the  superpower  plants,  thus  reducing  the  plant 
operating  costs  from  11.83  mills  per  kilowatt-hour  for  best 
independent  operation,  to  6.46  mills  per  kilowatt-hour  for 
superpower  operation.  Likewise,  because  of  the  smaller 
amount  of  capacity  which  is  required  in  superpower  opera- 
tion, the  plant  production  cost,  inclusive  of  fixed  charges, 
would  be  reduced  from  20.6  to  14.33  mills  per  kilowatt-hour. 

As  a  result  of  the  better  operating  efficiencies  obtained 
under  the  superpower  system,  fuel  consumption  could  be 
reduced  from  1,131,000  to  765,000  tons  per  year,  resulting 
in  an  annual  conservation  of  366,000  tons. 

Even  with  independent  operation,  interconnection  be- 
tween plants  of  the  same  company  was  taken  into  account, 
and  also  the  expenditure  required  for  transmission  lines  and 
substations,  but  these  are  not  extensive  compared  with  the 
cost  of  lines  which  would  have  to  be  provided  to  make  super- 
power operation  possible.     The  transmissions  required  add 
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0.18  mill  per  kilowatt-hour  to  the  cost  of  independent 
operation  and  1.87  mills  per  kilowatt-hour  to  the  cost  of 
superpower  operation,  making  a  total  delivered  cost  of 
20.73  mills  per  kilowatt-hour  for  independent  as  against 
16.10  mills  per  kilowatt-hour  for  superpower  operation. 

The  net  result  of  the  application  of  diversity  economy 
through  superpower  operation  in  this  region  would  effect 
a  saving  of  over  11  per  cent  above  all  fixed  charges  on  the  new 
investment  required  for  the  construction  of  a  superpower 
system. 

In  a  second  region  that  has  been  under  survey,  the  same 
general  results  would  accrue  from  the  application  of  diver- 
sity economy  through  superpower  operation. 

This  second  region  is,  however,  one  of  intense  industrial 
development  having  heavy  load  centers  closely  adjacent 
to  each  other.  Within  or  tributary  to  the  region  are  large 
quantities  of  undeveloped  water  power,  which  in  the  past 
have  not  been  developed  because  of  the  inability  of  the 
nearby  market  to  absorb  powers  of  their   characteristics. 

The  construction  of  heavy  trunk-line  interconnections, 
however,  would  completely  alter  the  situation  and  would 
not  only  make  possible  the  development  of  these  water 
powers,  but  also  their  utilization  at  a  cost  less  than  that 
for  which  an  equivalent  amount  of  steam-electric  power 
could  be  produced. 

During  the  past  five  years  a  considerable  amount  of 
interconnection  has  taken  place  in  this  region,  between 
adjacent  companies,  but  as  yet  little  has  been  accomplished 
toward  the  actual  development  of  a  comprehensive  and 
adequate  superpower  interconnection.  Taking  into  con- 
sideration those  interconnections  already  effected,  or  which 
have  been  authorized,  the  market  of  this  region  would  be 
able  to  absorb  about  67  per  cent  of  the  available  hydro- 
electric energy  under  independent  operation.  However, 
under  superpower  operation,  through  the  heavy  trunk-line 
interconnections  between  the  power  sources  and  centers  of 
load,  the|^same  market  could  absorb  practically  100  per 
cent  of  the  available  hydro-electric  energy. 


THE  SUPERPOWER  SURVEY  49 

Under  independent  operation  the  hydro-electric  energy 
which  could  be  absorbed  constitutes  15.7  per  cent  of  the 
market  requirement,  and  this  by  superpower  operation  is 
lifted  to  22.2  per  cent. 

Another  striking  effect  of  superpower  operation  in  this 
second  region  is  that  of  the  capacity  which  by  superpower 
operation  could  be  saved  by  utilizing  joint  capacity  in 
connection  with  the  time  diversity  between  the  demand 
made  on  the  individual  company  systems. 

At  the  time  this  Survey  was  made  it  was  found  that 
the  capacity  actually  connected  to  the  buses  was  in  excess 
of  the  total  of  the  company  demands  by  23  per  cent,  but 
was  in  excess  of  the  coincident  peak  which  would  have 
resulted  with  complete  interconnection  by  43  per  cent. 
Thus  complete  interconnection  would  have  permitted  plant 
capacity  to  have  been  greatly  reduced  without  in  any  way 
affecting  the  continuity  of  the  service. 

It  has  been  estimated  that,  to  meet  the  individual  com- 
pany demands,  an  investment  in  power  plant  of  $168  would 
be  required  to  meet  each  kilowatt  of  such  demand.  By 
complete  interconnection  and  with  the  same  protection  to 
service,  this  investment  could  be  reduced  to  $136  per 
kilowatt  of  company  demand. 

It  is  more  strongly  brought  home  in  the  electric  utility 
field  than  in  any  other  business  that  the  basis  of  real  pros- 
perity and  happiness  of  a  nation  lies  in  the  practice  of 
economics.  Doing  a  thing  better  and  more  economically 
touches  not  one,  but  all.  We  might  well  spend  a  million 
dollars  on  a  generating  apparatus  in  one  year  and  yet 
justifiably  abandon  it  the  next,  and  replace  it  with  new 
apparatus  costing  two  millions  of  dollars.  In  the  first 
case,  the  annual  fixed  charges  might  be  10  per  cent,  or 
$100,000;  in  the  second  case,  using  the  same  rate,  this 
would  be  $200,000  more,  and  it  would  thus  require  that  the 
annual  operating  savings  effected  by  the  new  apparatus 
over  the  old  must  not  only  provide  sufficient  money  to 
pay  $300,000  annually,  but  give  an  added  revenue  in  excess 
of  that  which  was  earned  with  the  replaced  apparatus. 
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It  is  exacty  the  same  with  superpower.  Old  generating 
equipment  can  be  abandoned,  or  held  for  peak  loads  or  for 
reserve,  and  it  makes  no  difference  what  additional  sums  of 
money  are  required  to  install  the  new  generating  equip- 
ment and  transmission  Hues,  provided  always  that  the 
resulting  economies  thereby  effected  are  sufficient  to  cover 
the  increased  annual  fixed  charges  (interest,  insurance, 
depreciation,  and  taxes)  on  the  total  investment,  and 
still  yield  money  in  excess  of  that  which  was  derived  from 
the  operation  of  the  original  equipment. 

Two  important  benefits  result  from  replacements  of  this 
character ; 

1.  We  are  lowering  the  cost  of  industrial  production  and 
so  strengthening  the  national  position  in  competing  for 
the  world's  trade. 

2.  We  are  utilizing  American  equipment  and  labor,  thus 
benefiting  nearly  everyone,  from  the  day  laborer  to  the 
banker.  Also  individual  and  national  wealth  is  being 
created  and  national  resources  are  being  conserved. 

If  I  have  made  my  point  clear,  it  is  evident  that  we 
should  willingly  destroy  the  tools  of  the  past,  if  out  of  their 
ashes  there  can  arise  the  creation  of  others  economically 
justified.  If  100  per  cent  efliciency  reigned  throughout 
the  world  there  would  be  nothing  left  to  be  done. 

Speaking  of  coal  and  ashes,  I  recently  received  a  letter 
containing  information  which  so  splendidly  illustrated  one 
of  the  economic  features  of  superpower  that  the  permission 
of  the  writer  was  asked  to  quote  him  in  this  book.  This 
request  granted,  the  letter  is  presented  in  its  entirety. 

April  3,  1925. 
"Mr.  W.  S.  Murray, 
Grand  Central  Terminal, 
New  York  City. 

"Dear  Mr.  Murray: 

You  will  undoubtedly  be  interested  in  a  coalman's  views  on  the 
subject  of  the  results  of  recent  progress  in  the  development  of 
so-called  "Superpower." 
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"The  writer,  as  the  New  York  Sales  Agent  of  important  Central 
Pennsylvania  and  West  Virginia  bituminous  coal  operations 
having  types  of  coals  especially  suited  for  steam  production,  has 
found  that  during  the  year  1924  there  has  been  a  very  consider- 
able 'motorization'  of  small  plants  where  formerly  the  plant 
produced  its  own  electric  power.  This  step  has  been  taken 
because  of  the  following  reasons : 

1.  "More  reliable  power  suppHes  from  nearest  public  utility 
sources. 

2.  "Cheaper  power  supply,  because  of  better  rates,  due  to 
economies  effected  in  newer  public  utility  units. 

3.  "Ending  of  labor  problems  in  small  boiler  plants — because  of 
elimination  of  entire  plant. 

"A  fourth  reason,  based  principally  on  past  experiences,  may  be 
cited — the  extreme  difficulty  and  high  prices  incident  to  procur- 
ing steam  coal  in  times  of  railroad  difficulties,  mine  strikes  and 
accidents ;  these  contingencies  will  hardly  apply  in  the  future,  but 
the  fear  of  them  happening  again  is  a  satisfactory  reason  for  the 
desire  to  eliminate  them  entirely  in  the  future. 

"As  the  motorization  of  small  plants  takes  place,  an  important 
change  is  occurring  in  the  buying  of  steam  coal. 

"As  a  rule,  the  purchasing  agent  of  a  small  industry,  consuming 
from  1000  to  5000  tons  of  steam  coal  annually,  bought  coal  as 
only  one  of  the  items  used  in  the  manufacturing  process.  This 
man  was  not  a  coal  expert — he  could  not  be,  for  coal  is  a  pretty  big 
subject,  and  the  entire  quantity  purchased  was  not  large  enough 
to  warrant  a  thorough  study;  furthermore,  superintendents  of 
small  steam  plants  are  usually  averse  to  much  experimenting  with 
coals  because  such  plants  did  not  have  much  reserve  capacity  and 
a  few  poor  cars  of  trial  coal  would  play  havoc  with  production 
processes.  Again,  the  small  plant  did  not  have  very  complete 
facilities  for  testing  the  efficiency  of  a  coal  in  steam  production. 
The  net  result  was  that  once  the  purchasing  agent  and  superin- 
tendent found  a  satisfactory  coal,  usually  bought  from  an 
operator  who  at  least  tried  to  take  care  of  their  requirements 
during  the  numerous  periods  of  coal  scarcity  during  the  past  ten 
years,  they  endeavored  to  stick  with  that  supplier,  for  they  could 
not  know  when  a  similar  urgency  would  occur. 

"As  each  plant  motorizes,  the  buying  of  the  coal  necessary  to 
supply  the  power  required  automatically  passes  to  the  purchasing 
agent  of  the  public  utility  supplying  that  power.     And,  since  coal 
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is  the  most  important  item  purchased  by  a  steam-generated  power 
plant  whose  power  is  sold,  the  buyer  must  necessarily  be  a  coal 
expert — a  man  who  knows  his  subject,  who  has  had  (usually) 
years  of  experience  with  many  coal-producing  interests,  and  also , 
who  has  pretty  well-defined  standards  as  to  quality,  price  and 
service,  to  say  nothing  of  their  continuity. 

"This  important  charge  means  that  the  coal  buyer  of  the  future 
will  insist  on  the  following : 

1.  A  definite  standard  of  the  quality  of  coal  supplied. 

2.  A  price  which  will  squeeze  out  all  unnecessary  profit. 

3.  A  supply  service  which  will  mean  that  only  reliable  and 
serious  coal  operators  can  be  considered. 

4.  An  assurance  that  the  supplier  can  comply  with  all  present 
and  prospective  commitments  as  to  tonnage  of  available  coal. 

"In  other  words,  since  steam  coal  buying  is  being  concentrated 
in  fewer  hands,  the  buying  will  be  concentrated  and  from  fewer 
suppliers,  all  of  whom  have  demonstrated  their  ability  to  'deliver 
the  goods,'  based  on  past  performance. 

"We  look  for  a  steady  increase  in  this  process  of  elimination  and 
of  course  the  progressive  coal  producer  will  take  into  account 
impending  changes  and  conduct  his  business  accordingly.  From 
the  old  coal  man's  standpoint  it  will  be  a  bitter  process,  whereby 
consolidations  in  a  very  individualistic  business  must  take  place, 
but,  after  all,  the  change  is  only  one  of  those  dictated  by  general 
progress  and  for  the  common  welfare.  A  small  steam  power  plant 
today  is  no  more  necessary  nor  desirable  than  a  private  telephone 
system  or  individual  trolley  cars — but  the  common  power  plant 
facilities  may  be  so  poorly  administered  that  there  may  be  a 
tendency  to  return  to  the  individualistic  system. 

"Yours  very  truly, 
(Signed)  A.  T.  Ward." 

To  Mr.  W^ard  not  only  are  thanks  due  for  the  valuable 
and  interesting  information  he  has  contributed,  but  to  me 
the  greater  value  of  his  communication  lies  in  being  able 
to  point  to  a  man  who  places  a  higher  value  on  the  nation's 
good  than  on  his  own. 

In  the  pages  which  follow  will  be  discussed  what  has  been 
done  in  respect  to  the  recommendations  made  in  the  Super- 
power Report  delivered  to  the  American  public  in  1921. 
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Prior  to  doing  this,  however,  it  might  be  well  to  refresh 
our  minds  with  at  least  some  of  the  major  conclusions  that 
the  Report  presented.  To  that  end,  the  summary  of 
Conclusions  is  quoted. 

"The  market  for  superpower  energy  will  be  furnished  by  the 
electric  utilities,  the  industries,  and  the  railroads.  The  esti- 
mated requirement  for  energy  supplied  through  the  electric  utilities 
for  municipal,  private,  industrial,  and  railroad  purposes  in  1930 
is  31,000,000,000  kilowatt-hours  (in  the  North  Atlantic  Zone). 
This  energy  could  be  supplied  by  a  co-ordinated  power  system  as 
is  described  in  this  report  at  an  annual  cost  of  $239,000,000  less 
than  by  an  unco-ordinated  system  such  as  is  now  in  use.  This 
amount  represents  the  net  saving  after  the  necessary  fixed 
charges  on  total  capital  expenditure  have  been  deducted.  The 
cost  of  unco-ordinated  power  production  in  1930  is  computed  from 
the  cost  of  the  present  system  in  1919.  The  total  investment  in 
generating  and  transmission  facilities  for  the  superpower  system 
will  be  $1,109,564,000,  of  which  $416,346,000  will  represent 
the  value  of  existing  facilities  to  be  incorporated  into  the  system. 

"A  study  of  the  96,000  manufacturing  establishments  operating 
within  the  superpower  zone  shows  that  by  1930,  through  the 
maximum  economical  use  of  purchased  electric  energy,  they  can 
save  $190,000,000  annually  above  the  fixed  annual  charges 
against  a  capital  investment  of  $185,000,000  to  provide  the 
motor  equipment  necessary  to  receive  and  use  this  power. 

"The  combined  capital  investment  necessary  for  the  electric 
utihties  and  the  industries  as  of  1930  therefore  amounts  to 
$1,294,564,000,  and  this  total  investment  will  yield  annually 
above  the  fixed  charges  the  sum  of  $429,000,000,  or  33  per  cent 
on  the  investment. 

"Within  the  superpower  zone  there  are  36,000  miles  of  railroad 
measured  as  single  track — ^that  is,  including  each  track  of  main 
lines,  yards,  and  sidings.  Of  this  total,  19,000  miles  can  be 
profitably  electrified,  so  as  to  yield  by  1930  an  annual  saving 
of  $81,000,000  as  compared  with  the  cost  of  operation  by  steam. 
The  capital  expenditure  necessary  to  electrify  the  19,000  miles 
would  be  $570,000,000,  and  the  average  return  upon  the  invest- 
ment would,  therefore,  be  14.2  per  cent." 

"As  defined  in  another  section  of  the  report,  the  superpower 
system  begins  at  the  generating  stations  connected  to  its  lines 
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and  ends  at  the  busses  of  existing  electric  utilities.  Therefore, 
the  cost  of  power  discussed  in  this  report  means  cost  at  the 
buses  of  the  electric  utilities  and  must  not  be  confused  with 
the  cost  to  the  ultimate  consumer,  which  is  necessarily  much 
greater,  owing  to  the  added  cost  incident  to  secondary  distribu- 
tion systems. 

"Studies  of  the  operation  of  each  load  center  have  shown  that  a 
large  quantity  of  coal  could  have  been  saved  had  superpower 
facilities  been  available  in  1919.  On  comparing  the  coal  rates 
of  power  production  in  1919  with  those  of  the  superpower 
system  and  applying  the  difference  to  the  load  that  will  exist 
in  1930  we  find  that  the  coal  saved  annually  under  the  superpower 
system  may  be  estimated  as  follows : 

Short  Tons 

Electric  utilities 19,149,000 

Heavy-traction  railroads 10,210,000 

Manufacturing  industries 20,625,000 

49,984,000 

"The  6rder  in  which  the  superpower  steam-electric  and  hydro- 
electric power  plants  and  transmission  systems  should  be  con- 
structed must  depend,  first,  on  the  present  industrial  demand 
for  energy  that  cannot  be  satisfied  because  of  the  difficulties  of 
the  local  electric  utilities  in  financing  extension  and,  secondly, 
on  the  future  demand  for  energy  that  will  result  from  the  more 
economical  generation  of  power  under  the  superpower  system. 

"Many  of  the  economies  incident  to  superpower  operation  will 
be  effected  through  the  interconnection  of  existing  plants  and 
systems,  and  these  economies  should  be  increased  as  new  power 
plants  and  interconnections  are  added.  Certain  steam  plants 
that  are  under  consideration  and  others  that  are  under  con- 
struction will  be  when  completed  as  efficient  as  the  proposed 
base-load  steam-electric  plants  of  the  superpower  system. 
Notable  among  these  plants  are  the  Hell  Gate  station  now  being 
constructed  by  the  United  Electric  Light  and  Power  Company 
of  New  York  City  and  the  Delaware  station  of  the  Philadelphia 
Electric  Company.  However,  by  keeping  in  mind  the  two 
conditions,  already  stated,  that  should  govern  the  order  of 
construction,  it  is  beheved  that  the  quickest  return  will  be 
obtained  by  following  in  chronologic  sequence  the  following  order 
of  procedure: 
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1.  "The  construction  of  a  steam-electric  plant  near  Pittston, 
Pa.,  to  supply  a  part  of  its  energy  to  the  Anthracite  division  to 
the  superpower  zone  and  the  remainder  to  the  Metropolitan 
Division,  particularly  New  Jersey. 

2.  "The  construction  of  a  steam-electric  plant  near  Sunbury, 
Pa.,  to  supply  a  part  of  its  energy  to  the  anthracite  division,  a 
part  to  the  Reading  load  center,  and  the  remainder  to 
Philadelphia. 

3.  "The  construction  of  hydro-electric  plants  on  Delaware  and 
Susquehanna  rivers  to  supplement  the  steam  plants  indicated  in 
paragraphs  1  and  2. 

4.  "The  progressive  development  of  the  Hudson  River  pro- 
jects to  meet  the  growth  of  energy  requirement  at  the  Schenec- 
tady, Utica,  Poughkeepsie,  and  Pittsfield  load  centers. 

5.  "The  construction  of  a  steam-electric  plant  near  Boston  to 
supply  the  Boston,  Lowell,  and  Newburyport  load  centers. 

6.  "The  construction  of  a  steam-electric  plant  near  New  Haven 
to  supply  the  New  Haven,  Bridgeport,  Waterbury,  and  Norwich 
load  centers. 

7.  "The  partial  construction  of  the  first  hydro-electric  plant 
in  the  development  of  Potomac  River  as  soon  as  the  power 
demands  of  the  Baltimore  and  Washington  load  centers  require 
additional  plant  capacity. 

"Plant  capacities  are  not  stated  above,  as  they  cannot  be 
finally  determined  except  by  further  and  more  detailed  study  of 
local  conditions  combined  with  regional  demands.  The  load 
growth  at  all  the  centers,  however,  will  make  it  imperative  to 
provide  new  plant  capacity  at  an  early  date,  so  that  the  construc- 
tion of  additional  plants,  as  detailed  in  Appendix  E,  must  be 
started  promptly  after  the  plants  that  will  yield  the  greatest 
return  have  been  built." 

Opposite  page  14  of  the  Superpower  Report  are  given 
maps  indicative  of  what  the  survey  engineers  thought  the 
power  and  transmission  situation  would  be  in  1925  and  1930. 

It  has  been  my  privilege  and  pleasure  to  have  become 
acquainted  with  many  of  the  executive  and  engineering 
officials  of  the  electric  utility  companies  in  this  country. 
This  book  need  include  no  brief  to  extol  their  virtues  or 
condemn  their  ways.  A  brief  summary  of  my  feelings 
might  be  expressed  by  saying — Thank  God,  the  sense  of 
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the  public  is  to  keep  these  men  at  their  jobs  and  to  preserve 
American  initiative,  rather  than  to  accept  certain  radical 
ideas  lately  presented  in  the  Halls  of  the  Federal  Congress, 
and  in  the  legislatures  of  one  or  two  of  our  States  by  advo- 
cates of  governmental  ownership. 


CHAPTER  VI 
WHAT  HAS  BEEN  DONE 

Since  the  Superpower  Survey  was  made,  many  mergers 
of  companies  throughout  the  country  have  taken  place — 
many  large  stations  have  been  built — some  to  serve  more 
than  one  company.  Extensive  interconnection  has  linked 
together  the  plants  of  many  companies.  In  some  cases 
major  power  systems  have  been  tied  in  with  one  another. 

Big  power-station  construction  and  an  addition  to  the 
mileage  of  our  transmission  lines  must  not  be  confused  with 
superpower.  The  question  is :  Has  each  new  and  large  sta- 
tion and  transmission  line  in  our  Northeast  territory  been 
placed  so  as  to  insure  minimum  future  investment  in  gen- 
erating and  transmission  equipment?  Intimate  associa- 
tion with  the  expansion  schedule  of  some  60  companies 
within  the  superpower  zone  shows  that  real  co-ordination 
has  not  really  been  started,  and  until  a  demonstrated 
reduction  in  reserve  equipment  and  an  actual  flow  of  the 
most  economic  kilowatt-hours  to  load  centers  is  shown, 
real  co-ordination,  the  foundations  of  superpower  will  not 
have  been  laid.  No  greater  mistake  can  be  made  than 
to  believe,  as  some  do,  that  the  district  expansion  of  the 
electric  utilities  will  produce  superpower.  On  the  contrary, 
such  a  method  will  lead  to  far  greater  investment  and 
operating  costs.  The  economic  results  to  be  obtained  from 
regional  rather  than  district  expansions  of  power  systems 
are  vastly  greater,  and  power  demand  will  be  more  fully 
insured. 

Over  four  years  ago  (July  1, 1921)  the  Superpower  Survey 
Report  pointed  out  the  large  economies  which  could  be 
effected  in  the  Northeastern  States  by  carrying  out  the 
co-ordinated   policy   therein  recommended.     This  Report 
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reflected,  as  previously  pointed  out,  the  opinion  and  judg- 
ment of  the  leading  American  engineers  and  executives, 
whose  talents  were  freely  volunteered  in  aid  to  the  Survey 
staff  appointed.  What  should  be  done  was  made  clear. 
That  which  has  been  done  has  not  in  all  cases  followed  the 
Report's  recommendations,  for,  while  the  Report  has 
undoubtedly  stimulated  extensions  of  service  throughout 
the  country  and  hastened  certain  consolidations  of  prop- 
erties, the  proposed  plan  for  the  zone  discussed  has  not  yet 
been  consistently  started,  except  in  the  location  of  certain 
of  the  new  seaboard  power  stations. 

On  the  contrary,  in  the  South,  the  Central  States,  and 
the  Far  West,  companies,  realizing  that  physical  require- 
ment lies  at  the  base  of  the  problem,  have  joined  in 
co-operative  study  of  their  regional  power  requirements,  and 
through  harmonious  action  have  agreed  to  plans  for  effective 
interconnection  and  regional  exchange  of  power.  They 
have  furthermore  put  the  principle  into  effect  to  their 
great  mutual  advantage  and,  in  many  cases,  effective  joint 
committees  have  been  established  to  co-ordinate  further; 
yet,  here  on  the  Northeastern  Seaboard,  a  territory  fairly 
teeming  with  the  opportunity  for  effective  savings  through 
the  regional  generation  and  distribution  of  power,  we  find 
ourselves  today  not  taking  advantage  of  it. 

While  possibly  40  per  cent  of  the  utility  plants  in  the 
Northeastern  Superpower  Zone  are  technically  inter- 
connected, less  than  10  per  cent  of  these  lines  are  of  suffi- 
cient capacity  for  effective  exchange  of  power. 

The  interconnecting  of  widely  separated  electric  service 
systems  involves  serious,  but  no  impossible,  physical 
requirements,  nor  does  the  building  of  huge  superplants, 
and  the  distribution  of  the  energy  generated,  by  high-ten- 
sion trunk  lines  to  the  various  utilities  subscribing  to  such 
a  system  involve  any  new  and  untried  principles. 

Interstate  exchange  of  electric  current  is  involved,  and 

~  various  States  included  in  such  a  superpower  zone  can, 

where  necessary,  harmonize  their  laws  and  regulations,  and 

not   much   of   this  will  have  to  be  done.     Fortunately, 
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most  of  our  States  have  Public  Service  Commissions  and 
these,  almost  without  exception,  are  fully  in  accord  with 
the  superpower  plan,  which  spells  economy  in  production, 
conservation  of  natural  resources,  and  a  reliability  of  ser- 
vice which  cannot  be  equaled  in  any  other  way.  This 
being  so,  and  duly  accrediting  the  recommendations  of  the 
Superpower  Report,  let  us  examine  the  power  territory  as 
at  present  developed  and  sfee  in  what  conformity  it  applies 
to  the  recommendations  of  1921. 

Although  it  was  in  1918  that  the  theory  and  practice  of 
superpower  first  came  to  mind,  I  was  conscious  of  some  of 
the  early  beginnings  that  had  been  started  along  these  lines 
in  the  various  sections  of  the  country.  It  was,  therefore, 
the  more  remarkable  to  me  that  the  Northeast  Atlantic 
Seaboard  between  Boston  and  Washington  and  inland 
from  the  coast  150  miles,  embracing  a  territory  of  some 
60,000  square  miles  in  area,  teeming  with  industry  and 
transportation,  did  not  bear  records  of  like  character. 
Here  was  a  field  offering  opportunity  to  practice  high-tension 
distribution  of  power  and  attain  maximum  economic 
result.  As  these  words  are  written  the  territory  described 
has  but  198  route  miles  of  transmission  line  bearing  a 
potential  equal  to,  or  in  excess  of,  100,000  volts. 

This  fact,  therefore,  would  suggest  that  we  examine  into 
other  power  regions  of  the  United  States,  all  of  which  are 
less  intensively  developed  both  as  to  industry  and  trans- 
portation, and  acquaint  ourselves  with  what  has  been 
accomplished  in  these  sections.  Volumes,  of  course,  could 
be  written  on  these  several  accomphshments,  but,  in  order 
not  to  cloud  the  picture,  it  is  felt  that  the  simplest  and  most 
direct  route  to  comparative  results  is  to  visualize  these 
territories  upon  the  basis  of  high-tension  transmission 
development.  Therefore,  the  wonderful  developments  in 
this  regard  since  1918  are  briefly  described. 

Turning  to  the  sections  of  the  country  where  marked 
economies  have  already  been  effected  by  means  of  inter- 
connections of  the  superpower  order,  we  will  first  examine 
the  situation  as  we  find  it  in  the  South  Atlantic  region. 
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This  region  embraces  a  territory  including  Virginia,  West 
Virginia,  North  CaroHna,  Tennessee,  Alabama,  and  the 
northern  halves  of  South  CaroHna  and  Georgia. 

Maps  of  the  territories  to  be  discussed  have  been  pre- 
pared, but  it  might  be  well  to  add  this  further  explanation. 
It  is  felt  that  the  superpower  tendencies  in  these  territories 
may  be  best  brought  out  by  omitting  all  transmission  lines 
operating  at  potentials  of  less  than  60,000  volts.  The 
commentary  could  be  rightly  made,  and  has,  indeed,  been 
made  by  a  prominent  electric  utility  officer  (many  of  whom 
have  responded  most  generously  in  bringing  these  maps  up 
to  date)  to  the  effect  that  if  only  the  transmission  lines  using 
potentials  equal  to,  or  in  excess  of,  60,000  volts  were  pre- 
sented, then  the  picture  would  have  omitted  from  it  the  fact 
that  these  territories  are  literally  gridironed  by  transmis- 
sion lines  employing  potentials  of  lesser  voltage.  This  is 
exactly  what  I  want  to  avoid.  In  such  a  maze  of  lines 
the  stabilizing  trunk  transmissions  would  be  less  advanta- 
geously seen,  but  in  reviewing  these  maps  I  do  wish  to 
emphasize  the  fact  that  the  territories  are  densely  grid- 
ironed  with  the  smaller-voltage  lines,  and  this  supports 
the  prophecy  previously  made  that  the  primaries  of  today 
are  to  become  the  secondaries  of  tomorrow.  To  look  at  the 
maps  as  presented,  as  against  those  if  they  included  all  the 
little  transmission  lines,  might  be  likened  to  observing  the 
heavens  on  a  bright  moonhght  night,  when  only  the  stars 
of  first  magnitude  are  visible,  in  contrast  to  the  vision  pre- 
sented with  no  moon,  when  all  the  little  stars  are  seen. 

The  South  Atlantic  States  may,  indeed,  be  proud  of 
their  accomplishment  today.  From  Birmingham,  Ala.,  to 
Raleigh,  N.  C,  it  may  be  seen  (Plate  I)  that  direct  connec- 
tion between  these  two  cities  has  been  made  through  a 
transmission  system  bearing  a  potential  of  not  less  than 
100,000  volts,  and  it  is  of  interest  to  note  that  two  circuit 
routes,  well  separated,  are  available.  On  a  great  circle 
the  distance  between  these  two  cities  is  approximately 
490  miles — a  httle  greater  than  the  distance  between 
Boston  and  Washington. 


TRANSMISSION  LINES    OF   SOUTHERN   ATLANTIC  REGION 

60,000  VOLTS  AND  HIGHER  IN 

1919  AND   1925. 
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While,  of  course,  there  can  be  no  economic  object  in 
putting  a  kilowatt-hour  generated  in  Birmingham  into 
Raleigh,  or  vice  versa,  this  great  trunk  transmission  line 
will  permit  just  the  equivalent  of  that,  since,  provided  with 
such  a  viaduct  of  low  transmission  loss,  it  is  possible  to  use 
it  is  a  clearing  house  to  transfer  capacity;  as  by  virtue  of 
either  diversity  or  reserve  generating  equipment  it  becomes 
available.  It  is,  indeed,  conceivable  that  power  may  flow 
upon  it  either  all  in  one  direction,  or  in  several  directions 
at  the  same  time  in  its  different  parts. 

Interconnection  in  the  northern  portion  of  the  South 
Atlantic  Division  has  its  greatest  Hnear  dimension  in  132,- 
000-volt  lines  which  are  either  operating  or  under  construc- 
tion from  Lynchburg  to  Glen  Lyn,  Va.;  from  which  point 
a  Hne  is  projected  for  the  same  voltage  to  Logan,  W. 
Va.;  thence  hues  of  the  same  potential  are  now  operat- 
ing to  Charleston,  W.  Va. ;  Zanesville,  Canton  and 
Cleveland,  Ohio;  and  from  Canton  a  132,000  line  ties  in 
with  Pittsburgh,  Pa.  It  is  to  be  noted  that  a  very  con- 
siderable amount  of  88,000-volt  transmission  has  been 
developed  in  and  around  the  Bluefield  section  south  of  the 
higher-potential  line  just  discussed.  It  is  also  to  be  noted 
that,  while  the  lines  still  further  south  bear  a  potential  of 
100,000  and  110,000  volts,  the  northern  ones  have  been 
raised  to  132,000  volts. 

As  the  map  shows,  there  is  at  present  a  gap  in  the  high- 
tension  hues  between  the  two  divisions,  its  length  being 
very  short.  Doubtless,  the  near  future  will  see  a  high- 
tension  connection  between  Raleigh  and  the  North  Carolina 
lines,  and  then  there  will  be  a  complete  high-tension  tie 
existing  between  Cleveland,  Ohio;  Pittsburgh,  Pa.,  and 
Birmingham,  Ala. ;  a  great  circle  distance  of  over  600  miles, 
all  of  which  will  carry  a  potential  of  100,000  volts,  or  over. 

Passing  now  to  the  Great  Lakes  region  (Plate  II)  we  find 
north  and  south  transmission  lines  bearing  a  potential  of 
132,000  volts  from  Cleveland,  Ohio;  to  Logan,  W.  Va.; 
and,  with  the  exception  of  a  few  short  gaps  lines  of  like 
potential  are  either  in  operation  or  under  construction  from 
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Cleveland  to  Chicago,  111.  Again  lines  are  being 
extended  from  the  latter  city  which  will  shortly  connect 
with  Racine,  Milwaukee,  and  Green  Bay,  Wis.,  and 
still  further  north  to  Iron  Mountain,  Mich.  The  rest  of 
the  Great  Lakes  territory  shows  few  lines  using  60,000  volts 
or  over. 

Again,  I  cannot  too  greatly  emphasize  the  fact  that  no 
region  in  the  United  States,  and  especially  the  state  of  Illi- 
nois, is  more  heavily  gridironed  today  with  interconnections 
employing  potentials  of  less  than  60,000  volts.  It  is  of 
interest  to  realize  that,  should  the  gaps  between  Chicago 
and  Racine,  and  a  small  section  in  southern  Wisconsin — all  of 
them  aggregating  not  more  than  150  miles — be  spanned 
with  transmission  lines  bearing  a  potential  of  110,000  volts, 
then  an  interconnection  between  Pittsburgh,  Pa.,  and 
Minneapolis,  Minn.,  would  be  made,  of  which  the  major 
portion  would  be  wires  carrying  a  potential  not  greater  than 
132,000  volts,  nor  less  than  66,000  volts,  and  the  great 
circle  distance  of  such  interconnection  would  be  over  740 
miles. 

When  extensions  already  planned  are  completed,  inter- 
connection of  lines  will  be  made  possible  from  Iron  Moun- 
tain, Mich.,  to  Pensacola,  Fla.,  which  are  separated 
from  each  other  by  about  1100  miles. 

What  have  our  West  Coast  friends  been  doing?  Let  us 
look  at  the  map  that  applies  to  the  far  Northwest.  Here, 
indeed,  is  an  interesting  situation.  From  Seattle,  Wash.,  to 
Harlowton,  Mont.  (Plate  III),  by  great  circle  distance, 
it  is  over  530  miles,  yet  we  see,  with  the  exception  of  a  small 
gap  of  25  miles,  a  high-tension  trunk  line  bearing  a  potential 
of  not  less  than  100,000  volts  spanning  the  whole  distance. 
Upon  it  are  the  cities  of  Everett,  Seattle,  Spokane,  Butte, 
Coeur  D'Alene,  Helena,  Anaconda,  and  Josephine.  Fed 
by  the  innumerable  and  invaluable  water  powers  of  that 
region,  not  only  does  diversity  of  demand  by  time  contri- 
bute its  economic  part,  but  throughout  the  stretch  of  this 
great  transmission  there  comes  into  play  the  valuable 
effect  of  diversity  of  flow  of  the  rivers,  upon  which  are 
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erected  the  power  stations  delivering  their  quota  of  power 
to  the  system.  And,  again,  may  be  visualized  the  applica- 
tion of  this  low  loss  viaduct  of  power,  neither  designed  nor 
constructed  for  the  purpose  of  transmitting  power  to  maxi- 
mum distance,  but  for  collecting  it  from  divergent  points 
and  permitting  that  power  to  find  a  path  to  the  most 
economic  load  centers  of  distribution. 

Now  dropping  southward  we  come  into  the  great  Cali- 
fornia system  (Plate  IV).  With  just  pride  may  the  Cali- 
fornians  claim  their  system  to  be  the  greatest  of  its  character 
that  has  been  produced  in  the  world.  The  author 
echoes  their  sentiments  just  100  per  cent  from  across  the 
continent,  for  it  is  true!  From  Pit  River  No.  1  in  the 
north  to  Los  Angeles  in  the  south,  it  is,  by  great  circle 
distance,  over  550  miles.  Connect  Stockton  with  Big 
Creek  No.  3,  with  less  than  140  miles  of  220,000-volt  trans- 
mission, and  this  distance  is  spanned  with  a  complete  trans- 
mission system  bearing  no  less  potential  than  that  named. 
Also  it  can  be  said  that,  without  an  additional  mile  of  trans- 
mission line,  switches  could  now  be  closed  which  would 
permit  the  northern  boundary  of  the  State  to  be  in  electrical 
contact  with  its  southern  boundary,  a  great  circle  distance 
of  over  750  miles,  and  the  current  transmitted  would  pass 
at  potentials  never  less  than  60,000  volts  at  any  point  of  its 
transmission,  and  during  the  major  portion  of  the  time 
under  the  influence  of  220,000  volts. 

Further  examining  the  map,  we  see  this  State  fairly 
gridironed  with  lines  bearing  a  potential  of  not  less  than 
60,000  volts,  and  one  cannot  but  be  impressed  with  the 
many  alternate  routes  of  the  north  and  south  transmissions. 
These  same  characteristics  apply  to  the  transmissions 
eastward  from  San  Francisco  to  Electra  and  Spring 
Gap. 

I  cannot  turn  from  California  at  this  juncture  without 
again  according  praise  to  the  Californians  for  their  intrepid 
progress  in  the  field  of  high-voltage  development.  It 
was  an  honor  and  privilege  to  be  asked  to  go  out  to  Cali- 
fornia during  the  fall  of  1923  and  to  stand  within  the  ranks 
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of  the  electric  utility  companies  in  their  fight  to  defeat  the 
bill  voted  upon  in  referendum,  and  known  as  the  Water 
and  Power  Act,  which  in  the  main  provided  for  the  issu- 
ance by  the  State  of  $500,000,000  of  bonds  to  be  placed  in 
the  hands  of  an  unappointed  committee  of  five  to  be  chosen 
by  a  then  unelected  Governor,  and  with  the  purpose  that 
the  State  be  permitted  to  purchase  and  operate  all  of  its 
electric  utilities.  This,  however,  is  going  into  the  matter 
of  political  versus  private  ownership,  a  subject  that  is 
handled  elsewhere  in  this  book. 

Adverting,  therefore,  to  the  occasion  rather  than  the 
reason  for  my  visit  to  California,  it  afforded  me  the  oppor- 
tunity of  studying  the  State  as  to  its  position  in  superpower 
development.  Two  things,  with  their  collateral  associa- 
tion, made  a  very  marked  impression  upon  my  mind.  The 
first  was  the  big  way  in  which  they  went  after  the  power 
development,  and  the  second  the  method  followed  in  dis- 
tributing power.  Volumes  have  been  written  on  the  Pit 
River  development,  which  is  located  some  250  miles  north 
of  San  Francisco,  and  volumes  have  been  written  on  the 
Big  Creek  developments  on  the  south  fork  of  the  San 
Joaquin  River,  some  245  miles  north  of  Los  Angeles — the 
first-named  undertaking  to  yield  over  600,000  horsepower 
the  second  over  1,000,000  horsepower,  with  San  Fran- 
cisco and  Los  Angeles  as  the  principal  and  respective 
load  centers. 

Let  us  epitomize  the  situation  by  saying  that  power 
from  these  sources  of  development  is  transmitted  to  these 
cities  at  a  potential  of  220,000  volts.  Such  transmissions 
have  been  projected  elsewhere,  but  as  yet  none  are  in 
service.  In  the  Superpower  Report  the  statement  was  made 
that  the  future  would  recognize  transmission  lines  of  this 
character  merely  as  the  high-tension  extensions  to  central 
station  buses.  The  record  for  continuity  of  service  on 
these  two  great  transmission  trunks  is  justifying  that 
prophecy  and  is  an  explanation  in  itself  of  the  feasibility 
of  co-ordinated  regional,  rather  than  independent  district, 
power  production. 


^^ 

f 

r\ 

/^ 

#■ 

^.. 

'Y\l 

v> 

VT, 

1  ^ 

3  /  \  \ 

A  A 1 

A 

.     "^i 

RJTU^HO^ 

\  V 

/          ^,^-X 

v\x^A\ 

.  ^^^^^ 

Lai 

^      \ 

vr 

"s   y 

No' 


.K 


Wo  VAo 


EXPLANATION 


TRANSMISSION  LINES 

OF    NORTHEASTERN  ATLANTIC  REGION 

60.000  VOLTS  AND  HIGHER  IN 

1919  AND  1925 


-^  Pfopoied  Lines  igjOSuperpovrer  Survey     1525 
— — — ^    60,000   to   99,000   volts. 
•■BiBK    100,000   to  120,000  volta. 

66  rigures   show  voltage  in  l*v- 

No  voltage  higher  than  120,000  in  1919. 
^■^^^   lnter-Comp»ny  Tie-in- 

a  Hydro  Electric  Plant    ■    Steam  Electric  Plant       A    Substation 


I92S 


^— ^^     60,000  to    99,000  volts. 
^^^OB     100,000   to  200.000,  volts 
OOOOOOO    220,000  volts. 
Figures  ^denotes    C^SJ^a^^^  i 


WHAT  HAS  BEEN  DONE  65 

It  is  impossible  to  resist  the  temptation  to  note  here  that 
in  riding  through  the  farm  lands  of  both  upper  and  lower 
California  it  would  not  be  an  exaggeration  to  say  that  in 
the  place  of  fences  I  found  the  boundary  of  adjacent  farms 
the  better  defined  by  transmission  lines  bearing  potentials 
not  of  1 1 ,000  volts,  but  of  30,000  volts !  Were  these  plotted 
on  the  map  of  California  here  presented,  instead  of  limit- 
ing the  lines  to  60,000  volts,  then,  indeed,  would  California's 
Electrical  gridiron  be  visualized. 

Having  thus  briefly  surveyed  these  four  sections  of  the 
country,  let  us  now  address  ourselves  to  the  territory  that 
has  become  known  as  the  Boston-Washington  Superpower 
Zone.  However,  before  doing  so,  it  would  seem  to  be  of 
importance  to  summate  for  the  various  individual  sections 
the  number  of  route  miles  of  transmission  lines  therein 
erected  and  operated,  which  already  utilize  potentials  of 
100,000  volts  or  more.     They  are  as  follows: 

1.  South  Atlantic  Division — 2650  route  miles. 

2.  North  Central  (Great  Lakes  District)  Division — 
1460  route  miles. 

3.  Northwestern  Division — 1500  route  miles. 

4.  California  Division — 1900  route  miles. 

5.  North  Atlantic  Division — 198  route  miles. 

The  total  route  miles  of  transmission  lines  in  the  Boston- 
Washington  Power  Zone  carrying  potentials  in  excess  of 
100,000  volts,  and  which  may  be  seen  in  Plate  V,  total  198. 
In  the  South  Atlantic  we  find  the  route  miles  about  thirteen 
times  that  of  the  Boston- Washington  Zone.  The  North 
Central  States  (Great  Lakes  District)  stand  next  to  the  bot- 
tom on  the  list,  and  yet  their  mileage  is  nearly  nine  times 
that  of  the  Boston- Washington  Zone.  I  make  haste  to 
explain  that  the  matter  of  the  total  route  mileage  of  high- 
tension  transmission  is  by  no  means  the  sole  index  as  to 
whether  or  not  the  form  and  progress  of  power  production 
in  any  one  section  of  the  country  is  being  correctly  pros- 
ecuted. On  the  other  hand,  it  has  a  highly  indicative  value, 
and  I  believe  as  we  pursue  this  study  the  point  of  value 
in  high-tension  expansion  will  make  itself  more  apparent. 
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The  red  lines  on  the  map  of  the  Boston- Washington 
Zone  are  placed  there  to  indicate  the  proposed  superpower 
transmission  structure  as  agreed  upon  by  the  engineers  of 
the  Superpower  Survey,  to  economically  distribute  the 
31,000,000,000  kilowatt-hours  of  electric  energy  produced 
in  association  with  the  8,300,000  kilowatts  of  demand. 
These  figures  were  predicated  upon  the  basis  of  the  extended 
load-growth  curves  in  that  territory  to  show  the  require- 
ment as  of  1930.  As  four  years  have  passed  since  this 
structure  was  indicated,  it  is  of  interest  to  observe  to  what 
extent  procedure  has  conformed  to  the  schedule  laid  out. 
As  yet  the  St.  Lawrence  water  powers  have  not  been  devel- 
oped, and  until  they  are  the  proposed  220,000-volt  lines 
leading  from  there  necessarily  do  not  enter  the  picture. 
Similarly,  as  the  proposed  hydro-electric  developments  on 
the  Delaware  and  the  steam  plants  on  the  Susquehanna  at 
Pittston,  Sunbury,  and  Nescopeck  have  not  been  con- 
structed, the  contemplated  220,000-volt  transmission  lines 
to  connect  these  developments  with  points  near  tidewater 
are  out  of  the  picture. 

As  we  view  the  transmission  map  of  this  zone,  two  essen- 
tial features  stand  out.  The  first  is  the  channel  of  high- 
tension  reach  from  Niagara  Falls  to  the  Coast;  the  second, 
the  heterogeneous  and  unsystematized  transmissions  lying 
to  the  south  of  it  with  potentials  largely  of  the  order  of 
66,000  volts.  Indeed,  as  we  examine  that  portion  of  the 
territory  between  Niagara  Falls  and  tidewater,  westward 
of  Schenectady,  we  do  not  find  a  single  line  which  bears  a 
potential  in  excess  of  66,000  volts,  and  the  major  portion  is 
of  only  60,000  volts.  It  is  interesting  and  encouraging, 
however,  to  note  that  the  lines  north  and  south  from  Utica 
and  from  Schenectady  are,  for  the  most  part,  constructed 
for  110,000-volt  transmission.  Similarly,  the  lines  reach- 
ing southward  from  Massachusetts  into  Connecticut  are 
erected  for  this  potential. 

The  superpower  engineers  in  their  report  recommended 
through  trunk  transmissions  from  Washington  to  Boston 
bearing  a  potential  of  110,000  volts.     On  this  route  lie  the 
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first  and  third  largest  cities  of  the  country — New  York  and 
Philadelphia— supplemented  by  such  industrial  cities  as 
Baltimore,  Trenton,  Newark,  Bridgeport,  New  Haven,  and 
Providence,  and  yet  between  Boston  and  Washington,  as 
of  today,  we  find  the  following  situation:  No  high-tension 
transmission  structure  exists  between  Washington  and 
Baltimore.  Between  Baltimore  and  Philadelphia  there  are 
no  lines  employing  potentials  greater  than  70,000  volts, 
except  for  a  small  spur  out  of  Philadelphia  designed  for 
110,000  volts.  Between  Philadelphia  and  Newark  there 
are  no  transmissions  in  excess  of  60,000  volts;  between 
Newark  and  Bridgeport,  nothing  in  excess  of  66,000  volts; 
nothing  between  Bridgeport  and  New  Haven;  nothing 
betw^een  New  Haven  and  Providence ;  and  nothing  between 
Providence  and  Boston.  However,  as  we  relate  the  posi- 
tion of  the  existing  transmission  construction  to  that  of  the 
proposed  location  of  the  transmission  structure  recom- 
mended in  the  Superpower  Report,  we  can  be  encouraged — 
small  as  the  start  has  been — to  find  that  there  has  been  some 
conformity,  at  least  with  the  plans  laid  out  in  the  Super- 
power Survey. 

Unless  the  united  opinions  of  steam  and  hydro-power 
experts,  and  those  in  the  field  of  power  transmission,  are 
wrong,  the  red  lines  of  this  map  indicate  the  paths  over 
which  electric  energy  at  a  potential  not  less  than  110,000 
volts  should  flow  to  insure  the  most  economic  generation 
and  distribution  of  power  in  the  territory  under  discussion. 
The  question  that  presents  itself  is:  Why,  after  having 
ascertained  this  four  years  ago  have  we  not  made  greater 
progress?  To  me  the  answer  is  a  simple  and  direct  one, 
and  is  associated  with  a  fact  that,  were  it  not  serious, 
would  be  humorous.  We  have  been  so  busy  pouring  out 
the  money  collected  here  in  the  East  to  build  up  the  other 
great  power  systems  that  we  have  not  taken  time  to  put 
our  own  house  in  order.  At  least  it  can  be  said  we  have  been 
unselfish  in  that  respect!  But  the  reason?  A  superpower 
transmission  structure  is  not  necessary  unless  powerpn 
bulk  is  developed  at  points  economically  strategic  to  coal 
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and  water.  The  justification  for  high-tension  distribution 
is  attained  only  when,  through  its  use,  power  can  be  dehv- 
ered  at  load  centers  more  cheaply  than  it  can  be  generated 
at  those  points. 

During  the  last  four  years  in  this  territory  we  have  not 
addressed  ourselves  to  the  development  of  a  schedule  of 
great  power  centers  economically  strategic  to  coal  and 
water.  Let  us  survey,  for  a  moment,  some  of  these  points 
economically  strategic  to  water — and  in  the  use  of  water,  I 
mean  for  hydro-electric  power.  (A  steam  station  may 
also  find  its  point  of  economic  location  related  to  the 
presence  of  water,  for  condensing  purposes.) 

Within  the  Boston-Washington  Zone  flow  five  rivers 
of  major  importance — the  Potomac,  the  Susquehanna,  the 
Delaware,  the  Hudson,  and  the  Connecticut.  The  aggre- 
gate undeveloped  power  which  they  are  capable  of  contribut- 
ing within  this  zone  is  equal  to  over  1,000,000  kilowatts, 
the  annual  energy  production  from  which  would  be  over 
5,000,000,000  kilowatt-hours.  The  cost  of  producing  this 
energy  would  be  considerably  less  than  by  steam,  but  in 
order  that  it  might  be  economically  distributed  within 
the  superpower  zone  there  must  be  associated  with  it  the 
high-tension  transmission  structure  recommended  in  the 
Superpower  Report. 

Similarly  associated  with  that  Report  are  the  large  steam 
stations  employing  individual  units  of  30,000  kilowatts 
and  over,  and  aggregating  total  capacities  between  150,000 
and  300,000  kilowatts  and,  in  some  instances,  of  still  greater 
size.  As  examples  of  those  proposed  were  the  Pittston, 
Sunbury,  and  Nescopeck  stations  on  the  Susquehanna 
River.  It  is  to  be  noted  that  these  hydro  and  steam  stations 
find  much  diversity  of  location  within  the  Boston-Wash- 
ington Zone,  and,  since  the  initial  start  and  progress  of  the 
superpower  lines  is  dependent  upon  the  development  of 
these  larger  central  points  of  power  production,  we  find 
the  simple  answer  for  the  present  situation  in  the  Boston- 
Washington  territory  reversed  when  compared  to  other 
sections  of  the  country.     Here  neither  a  hydro-electric  nor  a 
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steam-electric  schedule  of  power-plant  construction  of  real 
magnitude  has  been  started. 

At  this  juncture  it  is  of  importance  to  bear  in  mind  that 
the  most  economic  schedule  of  power  expansion  lies  in  a 
co-ordination  of  hydro-electric  and  steam-electric  installa- 
tions, and  it  is  because  we  have  not  proceeded  more  rapidly 
in  the  use  of  our  water  powers  east  of  the  Appalachian  range 
and  those  coming  from  the  St.  Lawrence  River,  that  the 
proposed  great  base-load  steam  plants  have  also  suffered 
delay  in  their  installation.  The  5,000,000,000  kilowatt- 
hours  of  electric  energy  which  could  be  contributed  by  the 
five  rivers  previously  mentioned  (which  do  not  include  the 
St.  Lawrence),  and  at  less  cost  than  that  which  would 
be  the  expense  of  producing  it  by  steam,  represents  a  saving 
of  5,000,000  tons  of  coal  annually. 

If  the  situation  was  reversed  and  it  was  the  West  that  had 
the  coal  instead  of  the  East,  it  is  safe  to  say  that  today  these 
rivers  would  be  contributing  every  kilowatt  of  energy  that 
they  were  economically  capable  of  delivering  to  power  and 
industry.  Are  we  justified,  just  because  we  have  the  coal, 
in  using  it  up?  It  requires  a  good  many  locomotives  and 
cars  to  haul  5,000,000  tons  of  coal  from  the  mines  to  tide- 
water territory,  and  it  must  be  a  bit  of  a  stretch  of  con- 
science to  all  of  us  when  we  realize  that  this  amount  of 
fuel  could  be  annually  preserved  in  nature's  storehouse  in  the 
place  of  the  ash  pile  which  reminds  us  only  of  its  unreplace- 
able  loss.  We  certainly  are  well  provided  with  coal  in  this 
part  of  the  land.     Should  we  not  conserve  it  to  the  utmost? 

The  electric  utility  companies  themselves  are  not  respon- 
sible for  this  delayed  power  development  on  the  Northeast 
Seaboard.  Politics,  propaganda,  and  reports  of  the  char- 
acter of  the  Pennsylvania  Giant  Power  Survey  Board,  in 
my  opinion,  are  the  basic  reasons  for  delay.  These  are  the 
elements  which  prejudice  the  public  mind.  As  an  example 
of  this  unfair  stimulation  of  the  public  mind,  the  following 
is  quoted  from  Governor  Pinchot's  message  of  transmittal 
of  the  Report  of  the  Giant  Power  Survey  Board  to  the 
General  Assembly  of  the  Commonwealth  of  Pennsylvania: 
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"No  one  who  studies  the  electrical  developments  already- 
achieved  and  those  planned  for  the  immediate  future  can  doubt 
that  a  unified  electrical  monopoly  extending  into  every  part  of 
this  Nation  is  inevitable  in  the  very  near  future.  The  question 
before  us  is  not  whether  there  shall  be  such  a  monopoly.  That 
we  cannot  prevent.  The  question  is  whether  we  shall  regulate 
it  or  whether  it  shall  regulate  us." 


This  paragraph  blows  hot  and  cold  at  the  same  time.  I 
believe  the  great  majority  of  our  people  realize  that  the 
electric  utility  companies  are  under  public  regulation,  which 
is  not  the  case  with  political  propaganda.  The  people,  I 
know,  would  like  to  have  the  5,000,000,000  kilowatt-hours 
that  are  going  to  waste  in  these  rivers.  Why  is  this  energy 
not  helping  to  turn  the  wheels  of  industry  and  transporta- 
tion? Twenty-five  reports  have  been  written  on  the 
development  of  the  Potomac  River.  Physically,  we  know 
what  should  be  done  there,  but  Federal  and  District  politics 
have  blocked  the  development. 

Clear  understanding  of  physical  and  economic  advan- 
tages associated  with  the  14  economic  power  sites  on  the 
Delaware  River  has  also  been  clouded  by  disputes  regarding 
navigation,  fisheries,  and  State  boundaries.  Bickering 
disputes  are  delaying  the  development  of  the  billion  kilo- 
watt-hours now  available  on  the  Susquehanna  River.  The 
watersheds  of  the  Adirondacks  are  infested  with  politics, 
which  prevents  use  of  the  hydro-electric  possibilities  of  that 
territory.  Finally,  we  come  to  the  Connecticut  River, 
small  in  relative  contribution,  but  with  people  judging 
more  sanely  as  to  what  should  be  done  with  it. 

Political  jealousies,  fortunately  not  often,  intermingle  in 
the  question  of  the  Federal  Interstate  Commerce  versus 
State  Commission  control  of  transmission  lines  crossing 
State  boundaries.  Yet  all  the  while  we  have  many 
examples  where  these  crossings  already  exist,  and  where 
amity  reigns  between  States,  in  the  distribution  of  power, 
under  the  control  of  the  Public  Service  Commissions  of  the 
States  involved. 
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It  is  my  conclusion,  after  talking  with  Mr.  Hoover,  who 
has  made  an  intensive  study  of  Interstate  relations  in 
respect  to  power  distribution,  that  electricity  as  a  commodity 
should  have  associated  with  it  the  idea  of  free  flow,  and 
also  that  very  little  change  is  necessary  in  the  laws  of  our 
States  to  co-ordinate  those  that  apply  to  utility  investment 
and  to  the  rates  for  energy,  irrespective  of  where  the  power 
is  generated. 

The  physical  nature  of  electricity  in  association  with  its 
generation  and  transmission  makes  ridiculous  the  idea  that 
the  viaduct  associated  with  its  distribution  should  be 
assembled  in  the  class  of  a  common  carrier.  The  economies 
associated  with  that  distribution  can  be  killed  if  such  an 
idea  were  put  into  effect.  It  would  be  not  unlike  the 
assignment  of  high-speed  passenger  engines  designed  to 
handle  light  tonnage  to  haul  freight  trains  of  from  four  to 
five  times  the  passenger  train  tonnage. 

Finally,  it  can  be  said  that  common  sense  and  right  will 
surely  prevail.  The  public,  appreciating  public  regulation, 
will  demand  that  the  electric  utility  companies  proceed 
with  their  economic  schedule  of  power  production,  and  then 
there  will  begin  in  this  great  Boston- Washington  Super- 
power Zone  a  procedure  which  will  transcend  in  economic 
return  all  others  possible  of  accomplishment,  and  it  will 
transcend  them  because  within  that  zone  lies  the  potential 
market  for  such  an  accomplishment. 

It  will  be  of  interest  to  point  out  that  the  foundations  for 
some  of  the  great  steam  superpower  stations  have  already 
been  laid  and  that  in  Boston,  Hartford,  Devon  and  New  York- 
Brooklyn  plants  are  already  in  operation.  Also  some  of 
the  plans  for  the  high-tension  superpower  transmission 
structure  have  been  developed,  and  these  also  are  in  general 
accord  with  the  recommendations  of  the  Superpower 
Report.  When  the  additional  large  steam  stations  and 
the  hydro-electric  plants  on  the  large  rivers  are  erected, 
then  will  the  great  high-tension  trunks  be  added,  while 
along  the  routes  which  already  conform  to  the  proposed 
paths  of  the  general  superpower  transmission  structure, 
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those  lines  already  erected  will  have  their  potentials  raised 
to  conform  with  the  recommendations  made  in  the  Super- 
power Report. 

SUPERPOWER  DISTRIBUTION  IN  PRACTICE 

Demonstrating  the  feasibility  of  interconnection  and  the 
exchange  of  power,  the  following  description  of  the  actual 
operation  of  such  a  plan  in  New  England  has  been  fur- 
nished through  the  kindness  of  Mr.  Samuel  Ferguson, 
President  of  the  Hartford  Electric  Light  Company  (Con- 
necticut). The  interconnected  system  described  includes 
the  Hartford  Company,  the  United  Electric  Light  Company 
of  Springfield,  Mass.,  and  the  Turners  Falls  Power  and 
Electric  Company  (Massachusetts). 

"If  all  plants  and  systems  visualized  in  the  Superpower 
conception  as  connected  together  by  high-tension  connections  of 
large  capacity  were  commonly  owned  or  were  integral  parts  of 
one  great  company,  the  question  of  making  the  most  efficient  use 
of  each  would  present  a  relatively  minor  problem  capable  of 
being  readily  solved  by  the  operating  staff,  by  simply  allocating 
loads  to  wherever  calculations  showed  to  be  economically  most 
desirable  as  a  whole  without  regard  to  the  effect  on  the  cost  of 
any  one  individual  plant. 

"Where,  as  is  the  case  in  New  England,  common  ownership  of 
plants  exists  only  to  a  minor  degree,  the  effect  on  the  cost  of  each 
individual  is  a  factor  of  the  greatest  importance,  as  no  one  com- 
pany could  be  expected  to  be  sufficently  altruistic  to  allow  its 
expenses  to  be  increased  even  if  thereby  the  expenses  of  the 
Superpower  Zone  as  a  whole  were  reduced;  therefore,  a  method 
must  be  devised  by  which  each  plant  or  company  will  benefit  by 
economies  of  the  whole,  and  not  be  hurt  as  an  individual  unit. 

"It  would  seem  at  first  glance  that  it  was  possible  to  fix  a  price 
at  which  companies  would  buy  and  sell  between  themselves  at  a 
small  margin  of  profit  on  the  sales  and  a  small  saving  on  the  pur- 
chase. This,  however,  is  only  possible  in  retrospect,  as  the  effect 
of  any  fixed  price  on  either  the  buyer  or  seller  over  any  consider- 
able period  must  be  the  average  effect,  while  for  effecting 
economies  the  conditions  of  the  moment  must  be  considered. 
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"Assume  for  the  moment  that  'Interchange'  power  was 
available  from  a  superpower  system  at  a  price  of  5  or  6  mills — 
certain  plants  could  afford  to  shut  down  completely,  others  could 
shut  down  at  certain  periods,  but  efficient  plants  with  lower  fuel 
costs  at  all  times  must  continue  to  operate,  even  if  it  meant  two 
plants  operating  when  one  could  do  the  work,  thus  vitiating  the 
object  of  the  Superpower  interconnection. 

"The  absorption  of  all  available  water  is  relatively  the  least 
complex  problem,  as  it  is  obvious  that  all  should  be  used,  but 
even  here  no  average  price  can  produce  the  best  results.  The 
best  results  mean,  in  general,  the  maximum  fuel  saving,  but  the 
degree  that  fuel  can  be  saved  will  vary  from  hour  to  hour,  and 
from  plant  to  plant.  Obviously,  any  given  block  of  surplus 
water  should  go  to  the  plant  where  the  most  fuel  can  be  saved, 
that  is,  to  the  least  efficient,  but  to  do  so,  the  more  efficient  plants 
must  give  up  the  share  in  it  that  they  might  reasonably  expect 
from  the  interconnection. 

"In  retrospect,  any  one  company  can  easily  give  the  average 
equivalent  value  of  auxiliary  water  as  against  steam-generated 
power,  but  that  does  not  by  any  means  evaluate  it  day  by 
day  or  hour  by  hour,  and  to  take  all  possible  at  such  average 
price  would  mean  often  taking  it  when  steam  would  be  cheaper 
and,  what  is  worse,  taking  away  from  some  one  else  where  savings 
could  be  made. 

"Table  1  shows  from  actual  data  how  very  closely  surplus  water 
can  be  evaluated  as  an  average  from  the  cost  data  of  one  New 
England  company,  but  at  hardly  any  time  was  the  average  value 
the  actual  value.  While  it  is  perfectly  true  that  many  tons  of 
coal  were  saved  by  the  use  of  this  amount  of  water,  it  is  equally 
true  that  it  would  have  meant  a  greater  saving  if  the  situation 
had  been  analyzed  hour  by  hour  and  the  water  directed  to 
wherever  the  maximum  saving  could  be  made. 

"The  Table  is  of  interest  chiefly  as  showing  how  surplus  water 
can  be  evaluated  in  retrospect  so  that  it  is  immaterial  to  the  costs 
whether  or  not  it  is  available,  or  used.  In  the  case  cited,  it  is 
evident  that  buying  surplus  water  at  4}^^  mills  was  a  losing 
proposition  to  a  slight  extent. 

"The  difficulties  of  the  financial  problem  have  been  recognized  in 
the  recent  interconnection  of  the  Turners  Falls,  Springfield,  and 
Hartford  companies,  which  involves  four  (4)  steam  plants  of 
varying  degrees  of  efficiency,  and  two  (2)  principal  water  power 
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plants.  These  companies  are  seeking  the  solution  by  entirely 
eliminating  all  element  of  profit  and  centering  their  attention  on 
savings  only;  which  savings,  when  obtained,  are  susceptible  of 
division. 

"The  underlying  conception  on  which  the  exchange  is  being 
carried  out  is  as  follows : 

"1.  Each  company  to  give  or  take  power  as  the  maximum 
efficiency  of  the  whole  demands  at  any  given  time. 

"2.  No  company  to  benefit  or  suffer  directly  through  giving  or 
receiving  power  at  any  time. 

"3.  Each  company  to  carry  in  primary  generating  units  a 
capacity  sufficient  for  its  load  plus  10  per  cent. 

"4.  Whenever  one  company  encroaches  on  this  margin,  it  shall 
purchase  spare  capacity  of  the  others  at  reasonable  prices,  not 
to  exceed  the  cost  of  its  possible  plant  expansion. 

"Inasmuch  as  each  company  has  at  this  time  about  25  per  cent 
spare  capacity,  which  combined  with  that  of  the  others  means  75 
per  cent  of  the  load  of  any  one,  items  1  and  2  are  the  only  factors 
at  present  undergoing  the  test  of  experience. 

"The  mechanism  of  the  exchange  is  interesting,  and  seems  to  be 
working  well  in  stimulating  the  maximum  economy  at  each  plant, 
and  in  handling  the  savings. 

"A  paper  organization  has  been  set  up  between  the  three 
companies,  known  as  the  'Exchange  Board'  or  Pool,  consisting 
of  one  representative  from  each  company,  and  a  Manager  engaged 
by  them  to  co-ordinate  daily  and  hourly  the  Load  Dispatchers  of 
the  different  companies. 

"It  is  the  duty  of  the  Pool  Manager  to  buy  for  the  Pool  from  any 
company  at  the  lowest  possible  price  which  that  company  can 
furnish  same  without  actual  monetary  loss — that  is,  at  its  then 
increment  fuel  costs,  which  will,  of  course,  vary  from  hour  to 
hour  and  day  to  day  according  to  the  then  existing  load  or 
machinery  conditions.  The  Manager,  at  the  same  time,  sells  to 
one  or  both  other  companies  according  to  the  best  use  they  can 
make  of  same,  the  sale  price  being  again  the  increment  cost  or 
saving.  In  this  way,  neither  the  furnishing  or  the  receiving 
companies  benefit  by  the  transaction,  but  the  entire  spread 
remains  in  the  Pool  and  represents  the  savings  effected. 

"Similarly,  surplus  water  is  distributed  to  effect  the  greatest 
saving  in  fuel  cost,  the  receiving  company  paying  the  Pool  the 
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full  fuel  saving  on  the  surplus  water  which  the  Pool  has  purchased 
at  increment  cost  or  zero  cents  per  kilowatt-hour. 

"It  is  very  surprising  with  what  degree  of  accuracy  the 
increment  fuel  costs  and  savings  can  be  determined  from  day  to 
day  as  shown  in  the  accompanying  Curves  (Figs.  2  and  3)  where 
the  fuel  consumption  is  plotted  against  output  and  the  average 
performance  line  used  as  a  base  against  the  actual  performance 
from  day  to  day. 


foOO 


K  W.H.Ou+pul  Daily 
Fig.  2. 


"To  illustrate — take  the  record  of  April  14,  when  189,000  kilo- 
watt-hour of  surplus  water  was  received.  The  24-hour  kilowatt- 
hour  requirement  of  the  company  amounted  to  409,000  kilo- 
watt-hours. If  this  were  to  be  made  wholly  by  steam  it  would 
have  required  333  tons  (see  Fig.  2).  Actually,  191  tons 
were  used,  or  142  tons  were  saved  by  the  use  of  189,000 
kilowatt-hours.  This  reduced  to  cents  per  kilowatt-hour  gives  a 
value  for  that  particular  day  of  4.88  mills  per  kilowatt-hour, 
which  price  was  paid  into  the  Pool 
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■'The  same  method  is  used  when  the  situation  is  reversed.  At 
the  same  load  factor,  the  increment  cost  follows  the  curve — at 
better  load  factor,  the  increment  falls  below,  and  at  worse,  above 
the  curve,  and  is  so  billed  to  the  Pool. 
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"The  Pool  renders  daily  statements  to  each  station  operator  of 
the  results  in  dollars  saved  (or  lost,  as  sometimes  happens,  when 
conditions  do  not  turn  out  as  expected),  and  with  these  to  guide 
them  the  proficiency  of  the  exchange  technique  is  steadily 
improving." 
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Table  1. — Value  of  Surplus  Water  (Fuel  Saving  Only)  to  Hartford 
Electric  Light  Company 

Weeks  of  small  surplus  water  purchased 


Week 
ending 


Kilowatt-hours 


Steam 
(000) 


Water 
(000) 


Total 
(000) 


Tons 


Coal 

cost 

at 

$6.20 


Water 

cost 

at 

$0.0043-2 


Total 
cost 


Kilo- 
watt- 
hours 

per 
dollar 


Dec.  5.  . 
Jan.  2.  . 
Jan.  9. . , 
Jan.  16., 
Jan.  23. 
Feb.  6... 
June  19. 
June  26. 


3.632 

72 

3,303 

67 

5,924 

55 

4,047 

67 

4,000 

50 

3,800 

52 

3,615 

39 

4,120 

17 

3,703 
3,370 
3,980 
4,114 
4,048 
3,853 
3,654 
4,137 


2,720 

816,900 

$300 

2,445 

15.300 

300 

2,936 

18,250 

250 

3,101 

19,250 

300 

3,078 

19,100 

225 

2,869 

17,800 

225 

2,768 

17,150 

175 

3,034 

18,810 

80 

17,200 

21.5 

16,600 

216 

18,500 

215 

19,600 

210 

19,300 

210 

18,000 

214 

17,325 

212 

18,890 

219 

Avg.  214 


Weeks  of  medium  su 

rplus  water  purchased 

Dec.  12 

2,479 

556 

3,036 

1,936 

$12,000 

$2,500 

$14,500 

209 

Feb.  13... 

3,051 

237 

3,288 

2,395 

14,800 

1,100 

15,900 

207 

Feb.  20.... 

2,147 

799 

2,946 

1,740 

10,800 

3,600 

14,400 

205 

May  29 

2,374 

720 

3,094 

1,880 

11,656 

3,240 

14,900 

208 

June  5 

2,600 

471 

3,071 

2,049 

12,704 

2,119 

14,823 

208 

Avg.  207 

Weeks  of  large  surplus  water  purchased 


Feb.  27 .  . 
Mar.  6... 
Mar.  13.. 
Mar.  20.. 
Mar.  27.. 

Apr.  3 

Apr.  10.  . 
Apr.  17.  . 
Apr.  24 .  . 
May  1. .  . 
May  8. .  . 
May  15.  . 
May  22.  . 
July  3 


1,674 
1,719 
1,260 
1,309 
1,211 
1,526 
1,115 
1,115 
1,177 
1,543 
1,632 
1,414 
1.782 
1.854 


1,222 
1,292 
1 ,  537 
1,409 
1,462 
1,246 
1,486 
1,625 
1,593 
1,320 
1,294 
1,609 
1,335 
1,220 


2,896 
3,012 
2,797 
2,718 
2,673 
2,772 
2,601 
2,740 
2,770 
2,863 
2,926 
3,023 
3,117 
3,074 


1,378 
1,428 
1,092 
1,116 
1,038 
1,270 
951 
1,021 
1 ,  055 
1,302 
1,524 
1,271 
1,525 
1,585 


8,550 
8,850 
6,770 
6,920 
6,440 
7,870 
5,900 
6,330 
6,540 
8,080 
9.460 
7,880 
9.445 
9,830 


$5,500 

$14,100 

205 

2,800 

14.700 

205 

6.920 

13,690 

205 

6,340 

13,260 

205 

6,600 

13,040 

205 

5,600 

13,470 

206 

6,690 

12,590 

207 

7,320 

13,6.50 

201 

7,170 

13,710 

204 

5,940 

14,020 

208 

5,820 

15,280 

192 

7,240 

15,120 

199 

5,674 

15,119 

207 

5,490 

15,320 

201 

Avg.  204 
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Table  2. — Pool  Sales  to  Hartford 


Date,  April 

Kilowatt- 
hours 

Unit  billing 
price 

Price 

1 

18,000 

$0.00541 

$         97.35 

2 

34,000 

0.00528 

179.78 

3 

60,000 

0.00561 

336.76 

4 

122,000 

0.00492 

600.56 

5 

41,000 

0.00558 

228.83 

6 

80,000 

0.00451 

360.68 

7 

100,000 

0.00503 

503.34 

8 

114,000 

0.00550 

627.32 

9 

154,000 

0.00516 

794.82 

10 

155,000 

0.00510 

792.05 

11 

161,000 

0.00444 

714.86 

12 

42,000 

0.00524 

219.91 

13 

60,000 

0.00449 

269.54 

14 

189,000 

0.00488 

922.35 

15 

162,000 

0.00496 

804.32 

16 

149,000 

0.00486 

725.21 

17 

161,000 

0.00539 

869 . 17 

18 

153,000 

0.00461 

706.04 

19 

74,000 

0.00514 

380.76 

20 

238,000 

0.00485 

1,153.73 

21 

74,000 

0.00415 

306.86 

22 

64,000 

0.00503 

321.93 

23 

66,000 

0.00519 

343 . 18 

24 

80,000 

0.00549 

439.45 

25 

195,000 

0.00460 

896.97 

26 

35,000 

0.00532 

186.32 

27 

61,000 

0.00516 

351.99 

28 

112,000 

0.00532 

596.48 

29 

119,000 

0.00508 

604.80 

30 

141,000 

0.00454 

640.76 

3,225.000 

$16,011.62 

2  %  for  meter  correction 

64,400 

320.22 

Total 

3,289,400 

$16,331.84 
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Date,  April 


Kilowatt- 
hours 


Unit  billing 
price 


Price 


1 

106,000 

.10.00516 

$       547.36 

2 

97,000 

0.00556 

539.64 

3 

116,000 

0.00540 

627.67 

4 

115,000 

0.00541 

622.58 

5 

36,000 

0.00616 

222.62 

6 

142,000 

0.00506 

719.77 

7 

158,000 

0.00527 

833.40 

8 

162,000 

0.00525 

851.84 

9 

161,000 

0.00524 

844.64 

10 

169,000 

0.00525 

888.526 

11 

122,000 

0.00541 

660.14 

12 

40,000 

0.006015 

240.89 

13 

118,000 

0.00526 

621.67 

14 

105,000 

0.00555 

582.91 

15 

105,000 

0.00528 

554.51 

16 

113,000 

0.00528 

597.48 

17 

94,000 

0.00517 

487.91 

18 

104,000 

0.00570 

593.05 

19 

43,000 

0.00614 

264.27 

20 

51,000 

0.00616 

314.27 

21 

150,000 

0.00528 

791.63 

22 

154,000 

0.00545 

840.60 

23 

151,000 

0.00527 

796.48 

24 

156,000 

0.00531 

829.77 

25 

123,000 

0.00536 

660.48 

26 

29,000 

0.00631 

182.91 

27 

135,000 

0.00527 

712.51 

28 

157,000 

0.00537 

844.54 

29 

157,000 

0.00530 

833.60 

30 

163,000 

0.00539 

878.37 

Total 

3,532,000 

$0.00537 

$18,986.03 
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Table  4. — Pool  Statement  for  April,  1925 

Income: 

3,289,400  kw.-hr.  delivered  to  Hartford  at  fuel  equivalent. . .   $16,331 .84 
3,532,000  kw.-hr.  delivered  to  Springfield  at  fuel  equivalent.      18,986.03 
0  kw.-hr.  delivered  to  Turners  Falls  at  fuel  equivalent  0 

Total $35,317.87 

Expense : 

2,486,000  kw.-hr.  purchased  from  Turners  Falls  at  0.004^-  •  $11,187.00 

2,291,000  kw.-hr.  purchased  from  Turners  Falls  at  0.002 4,583 .40 

2,373,000  kw.-hr.  purchased  from  Turners  Falls  at     000 0 

42,000  kw.-hr.  accidental  power  from  Hartford 209.69 

30,000  kw.-hr.  accidental  power  from  Springfield 17 .84 

Salaries  and  expenses 693.75 

$16,691.68 

Income $35,317.87 

Expense 16,691.68 

Profit $18,626.19 

Distribution  of  profit: 

To  Hartford $6,208.73 

To  Springfield 6,208.73 

To  Turners  Falls 6,208.73 

Table  5. — Pool  Statement  for  June,  1925 
Income: 

603,900  kw.-hr.  dehvered  to  Hartford  at  fuel  equivalent. . .   $  2,829.80 
1,670,000  kw.-hr.  delivered  to  Springfield  at  fuel  equivalent.       8,776.88 
2,449,300  kw.-hr.  delivered  to  Turners  Falls  at  fuel  equiva- 
lent       18,411.75 

Total $30,018.43 

Expenses : 

1,269,500  kw.-hr.  purchased  from  Turners  Falls  at  0.0043^. .  $  5,712.75 
753,000  kw.-hr.  purchased  from  Turners  Falls  at  0.0018. . .        1 ,377 .30 

244,000  kw.-hr.  purchased  from  Turners  Falls  at     00 00 

1,621,000  kw.-hr.  purchased  from  Hartford  at  fuel  increment 

cost 7,401.68 

1,070,000  kw.-hr.  purchased  from  Springfield  at  fuel  incre- 
ment cost 5 , 429 . 25 

51,000  kw.-hr.  accidental  from  Turners  Falls 325 .71 

Salaries  and  miscellaneous  expenses 696.08 

Total $20,941 .72 

Income $30,019.43 

Expenses 20,941.72 

Profit $  9,076.71 

Distribution  of  profit: 

To  Hartford $3,025.57 

To  Springfield 3,025.57 

To  Turners  Falls ; 3,025.57 
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"Tables  2  and  3  give  a  summary  covering  a  month  of  the  prices 
paid  to  the  Pool  by  the  two  then  receiving  companies  as  deter- 
mined by  the  fuel  savings  effected. 

"For  one  exceptional  period  it  proved  economical  to  operate  one 
station  for  wattless  current  only.  This  cost  was  assumed  by  the 
Pool  as  a  Pool  expense,  and  the  accounting  was  simple  as  com- 
pared with  any  effort  to  accomplish  this  on  an  agreed  price  per 
kilowatt-hour  or  kilowatt  or  kilovolt-ampere  or  any  combina- 
tion of  the  three. 

■'Table  4  gives  a  sample  of  the  Pool  statement  in  a  month  when 
the  transactions  were  chiefly  water,  while  in  Table  5  there  are 
transactions  both  ways. 

"In  any  such  effort  to  act  as  though  the  ownership  of  different 
plants  were  common,  it  is  only  necessary  to  test  each  step  with 
the  axiom  that  the  ultimate  consumer  is  the  only  source  of 
revenue,  and  that  no  company  should  benefit  at  the  expense  of 
the  other,  but  only  through  its  proper  share,  be  it  large  or  small, 
of  the  very  great  savings  both  in  plant  capacity  and  operating 
cost  which  is  effected  by  intelligent  interconnection.  Bargaining 
as  to  price  should  be  absolutely  subordinated  to  a  determination 
of  savings,  and  in  the  case  of  capacity,  to  allocating  the  proper 
share  of  the  payments  of  the  ultimate  consumer  to  the  money 
that  provided  the  facilities  to  render  him  service,  wherever  such 
facilities  may  be  located." 


CHAPTER  VII 
RAILROAD  ELECTRIFICATION 

The  importance  of  the  relation  between  the  electric 
utilities  and  railroad  electrification  has  been  recognized 
by  the  National  Electric  Light  Association.  A  committee, 
of  which  I  was  one,  was  asked  to  present  a  report  on  this 
subject  at  their  Convention  to  be  held  in  San  Francisco  in 
June,  1925.  Having  for  the  past  five  years  most  earnestly 
recommended  that  consideration  be  given  to  this  subject, 
and,  further,  with  a  knowledge  that  superpower  and  rail- 
road electrification  are  as  much  related  to  each  other  as 
is  transportation  to  industry,  perhaps  it  will  be  in  line 
to  quote  from  a  section  of  my  contribution  to  the  Com- 
mittee on  Railroad  Electrification,  which  bears  very  con- 
siderably on  what  is  to  follow.     In  part  I  said: 

"As  my  subject  includes  the  words  'contemplated  electrifica- 
tion,' it  seems  of  paramount  importance  that  a  most  careful 
consideration  be  given  to  that  future  electrification  which  must 
appear  in  this  country  and  which  will  be  of  much  vastly  greater 
scope  than  that  which  has  already  been  accompHshed.  The 
author,  therefore,  thinks  it  is  timely  to  here  give  consideration 
to  the  broad  question  and  its  application  to  the  future. 

"Industry  and  transportation  are  inalienably  tied  together. 
Failure  of  one  means  failure  of  the  other,  and  the  degree  of  that 
failure  will  be  accentuated  where  industry  and  transportation 
are  associated  over  a  tremendous  territory  such  as  this  country 
embraces.  The  products  of  industry  must  have  free  flow  not 
only  for  local  distribution,  but  must  find  similar  transport  in 
paths  leading  to  the  points  of  foreign  shipment.  Any  tool  in 
this  country  is  un-American  except  that  which  is  the  best. 

"This  country  has  been  built  up  on  rail  transportation.  We 
must  sustain  it  and  we  have  now  come  to  the  point,  where,  if 
industry  is  to  continue  its  magnificent  growth,  transportation's 
capacity  must  always  be  its  equal— there  must  be  no  charge 

82 
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laid  to  transportation  that  it  has  stifled  industry.  Each  and 
every  individual  in  this  country  depends  upon  the  success  of 
transportation.  The  United  States  and  every  individual  section 
of  it  must  be  accorded  its  natural  growth;  that  it  may  attain 
it,  we  must  face  the  fact  that  traffic  is  going  to  double,  and 
double  again. 

"During  the  recent  period  of  railroad  history,  there  has  been 
constant  legislative  interference,  involving  not  alone  rates  but 
methods  of  operation,  often  inhibitive  in  their  effect.  Then 
followed  the  war  and  government-control  with  its  avalanche  of 
submission  to  demands  of  organized  labor,  most  restrictive  and 
un-American.  The  plight  of  the  railroads  after  their  return  to 
private  operation  involved  problems  of  great  magnitude  and 
seriousness.  With  that  American  characteristic — the  will  to 
do — the  management  of  the  railroads,  since  their  return  to  private 
ownership,  have  accomplished  marvels  from  the  chaos  they 
inherited.  In  the  period  of  1923  and  1924,  there  has  been 
developed  a  freedom  of  traffic  movement  which  has  been  amazing. 
Large  sums  of  money  have  been  expended  for  equipment  and 
improvement  of  facilities.  The  public  have  taken  a  favorable 
attitude  toward  private  operation,  with  a  partial  appreciation 
of  the  advantage  of  personal  initiative  in  railroad  operation,  but 
it  may  be  said  that  they  are  by  no  means  fully  informed  as  to 
the  real  magnitude  and  seriousness  of  the  railroad  situation, 
and  especially  in  respect  to  the  foundations  that  should  be  laid 
to  ensure  no  inhibition  against  future  growth. 

"For  the  growth  in  traffic  which  no  one  who  believes  in  the 
future  of  America  will  question,  it  is  obvious  that,  to  handle 
twice,  and  more  than  twice  the  volume  of  the  present  traffic, 
intensification  of  the  use  of  the  present  tracks  and  facilities  is 
essential.  Otherwise  such  movement  of  traffic  will  be  impossible 
and  the  restriction  to  the  development  of  industry  would,  there- 
fore, be  intolerable.  It  is  readily  seen  that,  for  operations  of  the 
future  of  this  magnitude,  major  improvements  are  required 
and  for  major  improvements,  large  financial  resources  are 
necessary.  It  follows,  therefore,  as  a  paramount  need,  that  the 
railroads  must  have  a  financial  structure  and  credit  to  permit 
the  planning  and  construction  of  facilities  necessary  to  the 
traffic  requirement  for  the  industry  of  the  future.  In  the  devel- 
opment of  the  electric  power  industry,  we  have  an  example  of 
consideration  of  the  needs  of  industry  for  the  long  future,  and 
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plans  for  the  expansion  of  facilities  in  the  power  industry  regu- 
larly take  their  course  followed  by  the  installation  of  those 
facilities  to  meet  the  demand.  The  production  and  distribution 
of  power  is,  in  common  with  that  of  the  production  and  distribu- 
tion of  transportation,  an  activity  in  behalf  of  the  public 
for  the  common  good, 

"It  follows,  therefore,  that  the  interests  of  the  National  Electric 
Light  Association,  in  the  development  of  the  railroads,  undoubt- 
edly exceed,  in  their  direct  bearing  in  importance,  those  of  any 
other  industry.  It  is  just  as  important  to  see  to  it  that  an 
adequate  and  reliable  transportation  is  assured  the  industrial 
products  of  this  country,  as  it  is  to  furnish  an  adequate  and 
reliable  power  with  which  to  produce  them.  It  also  follows  that 
the  electric  industry  has  an  obligation  to  perform  in  acquiring 
knowledge  of  the  problems  of  the  railroads  to  the  end  that  they 
may  contribute  their  part  toward  their  solution  and  with  a 
particular  view  to  the  situation  of  the  future.  In  all  matters  of 
this  kind,  public  opinion  in  America  governs  and  the  sooner  the 
public  is  enlightened,  the  sooner  will  the  correct  solution  of  these 
problems  be  realized. 

"When  this  solution  shall  have  been  realized,  what  noisy  minor- 
ity will  then  be  able  to  determine  that  the  railroads  shall  not  be 
permitted  to  establish  a  proper  basis  of  return  to  ensure  adequate 
credit?  Who  shall  permit  the  railroads  to  be  suffered  to  endure 
an  unnatural  and  un-American  restriction  of  response  to  the 
dollar  paid  to  railroad  labor?  Who  will  then  permit  the  inter- 
ference for  political  reasons  with  economies  in  operation  and 
train  movement  which  can  be  realized?  It  will  then  be  borne 
in  mind  that  in  the  last  analysis,  the  burden  and  reaction  of  such 
unwise  restriction  is  directly  borne  not  only  by  industry  itself, 
but  by  the  whole  population.  Can  we  not  then  justly  expect  the 
railroad  situation  in  the  future,  backed  by  an  enlightened  public 
opinion,  to  embrace  the  following: 

"First:  Use  of  the  best  tools. 

"Second:  Relief  from  legistative  restriction  and  unnatural 
demands  from  labor. 

"Third:  An  increase  in  capacity  to  promote  growth  and  secure 
despatch  and  economy  in  traffic  movement. 

"It  is  seen  from  the  foregoing,  that  the  problem  of  the  railroads 
is  our  problem,  and  specifically,  in  the  decision  that  we  use  the 
best  tools  it  follows,  as  a  major  improvement,  that  railroad 
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electrification  will  be — is  now — required  on  an  ever-increasing 
scale.  Those  who  are  interested  in  the  electrical  industry  should 
apply  themselves,  first,  to  the  general  problem  of  the  railroads, 
and  then  to  such  co-operation  with  them  in  a  technical  way  as  to 
have  available  for  them  an  ever-increasing  supply  of  electric 
power  for  the  traffic  needs  in  this  country.  What  more  impor- 
tant customer  is  there  for  the  Electric  Industry  than  the  one 
who  serves  all  the  customers  of  the  Electric  Industry — 
transportation? 

"Now,  finally,  the  electric  utilities  are  in  the  power  business. 
The  railroads  are  in  the  transportation  business.  Let  each 
remain  in  its  own  class,  and  by  that  token,  let  the  electric 
utility  companies  see  to  it  that  they  make  out  of  the  railroads 
as  good  customers  for  power  as  they  have  out  of  industry,  and 
the  measure  of  their  success  in  this  regard  will  be  based  not 
upon  just  a  shade  less  cost  of  the  power  to  them  than  that 
which  it  will  cost  the  railroads  to  produce  it,  but  upon  the  basis 
of  its  actual  cost  to  the  electric  utilities  plus  an  amount  which 
represents  a  reasonable  return  upon  the  investment  necessary 
to  supply  it,  and  a  not  too  rigid  enforcement  in  respect  to  demand. 

"It  may  be  expected  that,  in  the  future,  based  upon  the  com- 
mon interests  in  the  operation  of  the  railroads  and  the  generation 
and  distribution  of  electric  power,  that  a  co-operative  basis  of 
use  by  the  railroads  of  electric  power  from  the  common  supply 
will  be  determined  on  the  broad  question  of  the  application  of 
the  dollar,  that  is,  what  will  be  the  utmost  work  that  can  be 
produced  by  that  dollar.  In  such  a  case  the  more  limited  views 
which  sometimes  enter  into  contract  bases  for  power  will  be 
supplanted. 

"I  have  said  that  industry  and  transportation  are  inalienably 
tied  together.  We  may  count  on  it  that  the  American  public 
will  never  be  satisfied  until  they  have  the  best  out  of  both.  W^e 
have  applied  the  best  tools  to  one;  the  other  is  calling  for  them." 

While  it  would  be  interesting  to  give  even  a  brief  history 
of  the  birth  and  progress  of  the  art  of  transportation  from 
the  day  of  Watt,  Stephenson,  and  Fulton,  this  would  take 
time  and  space  for  the  past  which  can  be  better  devoted  to 
the  present.  With  appreciation  of  the  marvels  accom- 
plished by  these  intrepid  men  and  those  that  immediately 
followed  them,  who  laid  the  foundations  of  our  present 
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transportation  systems,  let  us  turn  to  the  new  dawn  of 
transportation,  made  possible  by  electricity's  aid. 

Why  has  electricity  today  been  used  so  sparingly  in 
the  field  of  heavy  traction?  The  more  may  this  question  be 
asked  when  it  is  realized  that,  physically  speaking,  the 
electric  switch,  freight,  and  passenger  locomotive  can  do 
everything  which  the  steam  locomotive  of  those  types 
can  do,  and  do  it  better.  How^ever,  in  saying  this,  I  empha- 
size the  word ' '  physical. ' '  How  often  has  it  been  said  to  me, 
''Well,  some  day  the  steam  locomotive  will  be  as  unfamiliar 
a  sight  as  the  automobile  has  made  the  horse."  It  would 
be  most  interesting  if  this  might  be  so,  but  physical  and 
economic  accomplishment  must  go  hand  in  hand.  Advance 
in  the  art  of  transportation  must  be  by  economic  justifica- 
tion. Though  an  electric  switch,  freight,  or  passenger 
engine  may  require  but  a  third  of  the  coal  to  operate  it 
and  the  cost  of  maintenance  be  but  one-half  that  of  their 
steam  confreres,  and  though  the  electric  engine  of  any  one 
of  these  classes  may  accomplish  double  the  day's  work, 
yet  their  use  might  not  be  justified.  Why?  Because  the 
electric  engine  may  cost  twice  as  much  to  purchase  and  have 
associated  with  it  the  annual  costs  incident  to  the  power- 
house, transmission,  and  distributing  lines  furnishing  elec- 
tricity to  it.  But  note — if  the  savings  in  coal,  motive  power 
repairs,  and  other  items,  such  as  that  attained  in  the 
consolidation  of  trains,  all  add  up  to  a  sum  in  excess  of 
the  annual  costs  associated  with  the  fixed  and  operating 
expenses  of  the  whole  electric  system,  then  under  these 
conditions  railroad  electrification  is  economically  justified. 
There  are  many  places  in  this  country  where  such  condi- 
tions obtain,  but  there  are  many  more  where  they  do  not. 

It  must  be  seen,  at  a  glance,  that  the  whole  answer 
to  economic  transportation  lies  in  whether  or  not  a  sufficient 
density  of  traffic  exists  upon  the  lines  contemplating  a 
change  from  steam  to  electric  propulsion.  The  density  of 
traffic  measures  the  coal  consumption  and  is  also  a  function 
of  the  annual  motive  power  repairs.  Therefore,  the  greater 
the  traffic  the  larger  must  be  the  savings  in  coal  consump- 
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tion  and  motive  power  repairs,  since  in  these  two  respects 
the  electric  engine  is  the  more  economical  unit.  Further, 
due  to  the  far  greater  opportunity  for  higher  power  ratings 
in  the  use  of  electrical  rather  than  steam  locomotives, 
far  greater  train  weights  can  be  handled  by  a  single 
engine  crew.  Because  of  this  fact,  trains  can  be  consolidated 
and,  therefore,  train-miles  saved — an  item  of  expense  on 
the  operating  sheets  of  a  railroad  of  very  considerable 
importance. 

On  the  Northeast  Atlantic  Seaboard  within  the  territory 
between  Boston  and  Washington  and  inland  from  the  coast 
about  150  miles,  there  are  some  36,000  miles  of  heavy- 
traction  railroads,  of  which  19,000  miles  are  susceptible  of 
economic  electrification.  Said  in  another  way,  for  every 
dollar  spent  for  this  purpose  there  would  be  an  average 
annual  return  upon  it  of  14  per  cent.  Since  such  is  the 
condition  today  and  it  has  been  so  for  a  number  of  years, 
the  question  might  well  be  asked — "Why  has  there  not 
been  more  electrification?"  There  are  some  good  answers 
to  this  inquiry: 

1.  It  requires  very  considerable  sums  of  money  to  elec- 
trify railroads.  For  example,  the  costs  may  be  from 
$25,000  to  $50,000  a  mile,  depending  on  the  traffic  to  be 
handled  and  whether  the  railroad  builds  its  own  electric 
power  stations  or  purchases  its  power  from  the  electric 
utility  companies. 

The  credit  of  the  railroads  in  the  past  has  been  hard  hit 
by  the  rate  regulation  of  the  Interstate  Commerce  Com- 
mission, The  sums  required  for  electrification,  running 
into  millions  of  dollars,  has  made  it  no  easy  task  for  them 
to  raise  the  money. 

2.  Railroad  management,  long  trained  in  the  art  of  steam 
operation,  is  loath  to  substitute  a  new  method  of  train  pro- 
pulsion, about  which  they  have  but  little  appreciation, 
and  which,  in  their  estimation,  is  the  substitution  of  a  less 
sure  method  of  operation  for  the  one  in  vogue.  It  is  prover- 
bial that,  while  the  electrical  engineer  has  been  required  to 
know  the  economics  of  steam  operation,  a  steam  operator 
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usually  knows  little  of,  and  trusts  less,  the  economics 
associated  with  electrical  operation.  The  burden  of  proof, 
and  rightly,  is  upon  the  electrical  engineer  to  prove  his  case, 
but  he  has  had  far  more  than  the  mere  economics  of  steam 
operation  to  conquer. 

The  prejudice  and  habit  of  thought  of  the  steam  operator 
have  constituted  a  far  higher  barrier  which  the  electrical 
engineer  has  had  to  climb.  As  soon  as  the  steam  man 
becomes  a  believer  in  electricity,  and  this  applies  to  the 
President,  the  Manager,  the  Master  Mechanic,  and  the  Yard 
Master,  then  he  is  electrical  forever.  But  prior  to  this 
transmogrification  the  steam  man  is  constantly  arguing 
that  great  economies  of  operation  have  been  effected  in 
the  steam  locomotive.  Is  this  so?  The  steam  locomotive  of 
today,  as  compared  to  its  past  record,  is,  indeed,  a  marvel 
of  economy  in  the  matter  of  coal  burning  while  making  a 
revenue  run.  The  coal  it  burns  per  horsepower-hour  today 
is  but  half  that  of  yesterday.  But  remember  that  the 
measure  of  value  of  this  accomplishment  must  be  applied 
only  when  that  engine  is  performing  in  revenue  service. 

The  steam  locomotive  engineer  is  right  in  being  justly 
proud  of  this  great  reduction  in  coal  consumption,  but  he 
seemingly  does  not  pause  to  reflect  on  the  fact  that  still 
greater  economies  in  coal  consumption  than  he  has  accom- 
plished have  also  been  effected  at  the  central  electric  power 
station.  Again,  it  is  a  fact  that  the  steam  locomotive 
engineer,  while  accomplishing  creditable  feats  in  reducing 
the  coal  consumption,  has,  in  the  process  of  that  accom- 
plishment, turned  the  earlier  simple  steam  locomotive  into 
a  very  complex  machine,  the  effect  of  which  has  been  greatly 
to  increase  the  annual  cost  of  its  maintenance.  While,  per 
contra,  in  the  field  of  electricity,  both  in  the  locomotive  and 
central  power  station  equipment,  increased  simplicity  and 
lower  maintenance  costs  have  been  effected. 

These,  therefore,  are  reasons  why  electric  locomotives, 
ton  for  ton  on  drivers,  as  against  steam,  and  handling  equal 
traffic,  require  the  consumption  of  but  one-third  the  amount 
of  coal  and  may  be  maintained  at  from  one-half  to  one- 
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third  the  cost  which  obtains  with  steam  locomotive 
operation. 

A  point  given  but  scant  consideration  by  steam  operators 
is  the  fact  that  steam  locomotives,  upon  the  average,  are 
not  available  for  revenue  service  for  more  than  2500  hours 
of  the  year.  To  be  sure,  some  of  them  have  attained  as 
great  a  period  of  serviceability  as  3000  hours;  but  even 
taking  the  extreme  case  of  3000  hours,  this  leaves  5760 
hours  which  must  be  devoted  to  heavy  shop  repairs,  gen- 
eral inspection,  pulling  fires,  cleaning  grates,  washing 
boilers,  etc.  Thus,  even  before  the  steam  locomotive 
starts,  its  serviceability  factor  cannot  possibly  be  greater 
than  34  per  cent.  Or,  stated  in  another  way:  If  its  full 
rated  capacity  was  absorbed  during  the  3000  hours  of 
revenue  service,  then  its  load  factor  would  be  34  per  cent, 
but  this  load  factor,  of  course,  can  never  be  attained. 
Though  ready  for  service  during  this  period  of  3000  hours, 
there  are  times  when  it  is  idle  on  account  of  waiting  for 
crews,  and  in  an  actual  revenue  run  it  cannot  be  used  at  its 
100  per  cent  capacity  continuously.  Indeed,  50  per  cent 
of  it  would  be  a  high  rating  to  assign.  Thus  the  com- 
bined result  of  these  three  classifications  of  periods  in  the 
yearly  life  of  a  steam  locomotive  is  to  lower  its  annual  load 
factor,  and  the  best  that  can  be  obtained  for  it  is  not  more 
than  15  per  cent.  The  load  factor  of  the  average  loco- 
motive is  thus  less  than  10  per  cent. 

Now  consider  the  load  factor  of  the  electric  locomotive. 
Instead  of  being  available  for  revenue  service  for  only 
3000  hours,  this  figure  becomes  6000  hours,  and  the  ser- 
viceability factor  of  34  per  cent  that  is  assignable  to  the 
steam  locomotive  becomes  68  per  cent  for  the  electric 
engine.  This  load  factor,  however,  as  with  the  steam 
locomotive,  is  subject  to  reduction,  due  to  the  idle  hours 
incident  to  the  calling  of  its  crews  and  use  of  a  lesser  power 
than  its  normal  capacity  developed  during  its  revenue 
runs — though  the  load  factor  of  the  electric  engine,  because 
of  the  flexibility  of  its  dispatching,  may  be  higher.  But 
granting  it  the  same,  it  is  thus  seen  that  the  yearly  load 
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factor  of  the  electric  engine  is  twice  that  of  the  steam  loco- 
motive, and  this  is  a  most  important  point — one  usually  not 
thoroughly  appreciated  by  the  man  confirmed  in  the  prac- 
tice and  habits  of  steam  operation. 

3.  To  the  large  electrical  manufacturers  in  this  country 
may  be  laid  some  part  of  the  responsibility  for  the  past 
unprogressive  schedule  of  railroad  electrification. 

It  would  seem  in  order  at  this  juncture,  that  the  author 
admit  that  he  may  have,  though  unwittingly,  contributed 
to  this  delay  himself.  In  1905,  when  he  was  called  to  the 
New  Haven  Railroad  to  take  charge  of  its  electrification, 
the  600-volt  third-rail  system  of  train  propulsion  was  at  its 
pinnacle  of  success.  This  method  had  established  a  reha- 
bility  of  train  operation  which  has  not  since  been  excelled. 

The  New  York  Central  Railroad  began  its  studies  in 
1902 — three  years  prior  to  the  call  of  the  author  to  the  New 
Haven  problem — and  that  company  had  not  only  designed 
its  system,  but  was  far  along  with  its  installation,  and  long 
before  the  New  Haven,  in  1907,  began  the  electrical  opera- 
tion of  its  trains,  the  New  York  Central  Railroad  had  estab- 
lished out  of  the  Grand  Central  Station  multiple-unit  and 
locomotive  operation,  the  standard  of  reliabiUty  of  which 
for  that  period — now  23  years  ago — has  nowhere  else  been 
bettered. 

At  the  time  the  author  accepted  the  assignment  as  Engi- 
neer in  charge  of  the  electrification  of  the  New  Haven,  the 
financial  standing  of  that  railroad  was  second  to  none,  as 
is  best  evidenced  by  its  then  existing  bond  interest  rate, 
some  of  the  bonds  bearing  as  low  as  3}^  per  cent.  The 
problem  that  was  laid  before  him  was  that  the  road  should 
be  electrified  from  New  York  to  New  Haven,  and  a  system 
selected  to  be  susceptible  of  economic  extension  to  Boston — 
thus  involving  a  total  route  mileage  of  232  miles,  this  route 
mileage  being  divided  almost  equally  between  four  and  two 
tracks,  while  branching  from  its  main  fine  at  New  Rochelle 
and  extending  to  the  Harlem  River  there  existed  the  heav- 
iest piece  of  road-bed  construction  in  the  world,  carrying 
six  tracks  abreast. 
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Recognizinp;  alternating  current  as  the  economic  agency 
necessary  to  the  transfer  of  large  blocks  of  power  over  great 
distances,  and  believing  that  the  problem  assigned  was  a 
case  in  point,  after  a  most  careful  and  exhaustive  study  I 
arrived  at  the  belief  that  if  the  same  degree  of  reliability 
could  be  attained  in  train  propulsion  by  the  use  of  alter- 
nating-current motors  as  that  attained  by  the  direct- 
current,  600-volt  motors,  then  from  an  economic  standpoint 
the  system  employing  alternating-current  motors  should  be 
applied  to  the  New  Haven  Railroad  electrification.  My 
recommendation  was  that  such  a  system  be  adopted,  and 
it  was  authorized  by  the  Board  of  Directors  of  the  New 
Haven  Railroad,  with  instructions  to  proceed  with  its 
installation.  Many  records  are  extant,  and  particularly 
those  in  the  transactions  of  the  American  Institute  of 
Electrical  Engineers,  regarding  the  early  life  of  this  new 
system.  As  is  always  the  case  in  new  and  untried  things, 
trial  and  tribulation  became  its  chief  associates.  I  was 
liberally  criticized  for  having  departed  so  radically  in  recom- 
mending for  the  New  Haven  service  a  new  system,  espe- 
cially as  the  system  then  being  installed  upon  the  New  York 
Central  Railroad  was  ready  for  instant  application  to  the 
New  Haven  service,  and  seemed  to  be  upon  the  threshold 
of  standardization.  At  that  hour  was  fired  the  first  gun 
in  the  battle  of  systems  which,  even  at  this  hour  of  writing 
— 20  years  after — has  not  been  fought  to  a  conclusion. 

It  is  not  intended,  however,  that  this  book  shall  dwell  to 
any  considerable  extent  on  the  discussion  of  this  dissension 
which,  none  the  less,  however,  is  rightly  enumerated  as  one 
of  the  reasons  that  has  caused  the  delay  in  railroad  electri- 
fication in  this  country.  It  should,  however,  suffice  to  say 
that  the  decision  to  use  the  overhead  system  on  the  New 
Haven  Railroad  w^as  the  death  knell  to  third-rail  railroad 
electrification,  because,  since  that  decision  was  made — - 
except  for  the  Detroit  River  Tunnel  Electrification  and  for 
a  few  extensions  that  have  been  made  to  existing  systems — 
no  new  third-rail  system  has  been  laid.  At  this  juncture  it 
is  fitting  and  proper  for  me  to  pay  the  highest  tribute  to 
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the  engineers  of  the  New  York  Central  Raih'oad  who,  three 
years  prior  to  the  choice  of  the  system  for  the  New  Haven 
Railroad,  had  found  it  necessary  to  decide  as  to  their  own 
system,  for  it  was  only  during  those  three  later  years  that 
radical  progress  had  been  made  and  confidence  established 
in  the  use  of  the  alternating-current  traction  motor. 

Personally,  I  considered  that  the  New  York  Central 
engineers  would  not  have  been  justified  in  any  other  decision 
than  that  which  they  made  in  choosing  the  600-volt  third- 
rail  system  out  of  Grand  Central  Terminal.  In  the  same 
breath,  however,  let  me  add  that  I  would  not  have  been 
justified  in  an  acceptance  of  that  system  for  the  New  Haven 
Railroad  in  1905. 

In  1905  a  beginning  had  been  made  in  respect  to  the 
possibilities  of  the  use  of  high-voltage  direct  current  for 
application  to  overhead  systems.  Nothing,  however,  had 
been  definitely  developed  to  which  serious  consideration 
could  be  given,  and  had  the  New  York,  New  Haven  and 
Hartford  used  direct  current  for  the  propulsion  of  its  trains 
it  would  have  been  required  to  use  the  600-volt  system. 
But  due  to  the  very  heavy  density  of  traffic  on  the  New 
Haven  the  annual  costs  incident  to  the  installation  and  opera- 
tion of  substations  separated  from  each  other  by  but  a  few 
miles,  together  with  the  extremely  heavy  copper  feeders 
to  supplement  the  contact  lines,  would  have  been  far  in 
excess  of  those  associated  with  the  less  costly  power-distrib- 
uting system  of  the  high-voltage,  alternating-current  type. 

So  great  was  the  difference  between  these  systems  for 
the  distribution  of  power  to  the  trains  that  it  was  estimated, 
and  has  since  been  proved,  that  the  greater  cost  of  main- 
tenance upon  the  alternating-current  motive  power  equip- 
ment would  be  sufficiently  offset  to  justify  its  use. 

Beginning  at  that  period — now  20  years  ago —  two  camps 
were  established,  the  direct-current  and  the  alternating- 
current  camps.  The  direct-current  group,  realizing  the 
impossibility  of  low-voltage,  direct  current  economic  com- 
petition with  high-voltage  alternating  current,  proceeded 
to  devote  its  attention  to  the  lifting  of  the  direct-current 


RAILROAD  ELECTRIFICATION  93 

voltage,  and  in  this  regard  a  remarkable  and  worthy 
progress  was  made. 

Quite  a  number  of  interurban  Hues  had  been  electrified, 
using  high-voltage  alternating  current  on  the  trolley  wires 
between  cities,  with  cars  equipped  with  motors  capable  of 
using  alternating  current  in  transit  between  cities  and  600- 
volt  direct  current  when  operating  within  the  city  limits. 
This  scheme  of  operation  was  doomed  to  a  short  life,  and 
it  was  found  that  the  direct-current  voltage  available  at 
1200  and  1500  volts  was  a  far  better  type  of  current  to 
place  upon  the  overhead  system  between  cities,  and  we 
passed  through  the  era  of  discarding  the  high-voltage 
alternating  current  for  interurban  work  in  favor  of  the 
higher-voltage  direct  current.  The  principal  reason  for 
this  was  the  far  higher  cost  of  maintenance  of  the  motive 
power  equipment  designed  for  use  with  both  alternating 
and  direct  current,  as  compared  with  equipment  designed 
for  direct-current  service  only. 

Encouraged  by  this  progress  the  direct-current  camp  pro- 
ceeded to  raise  further  the  direct-current  voltage — 2400- 
volt  direct-current  apparatus  was  developed  and  applied 
with  excellent  results  upon  the  Butte  and  Anaconda  Rail- 
road. Then  followed  the  electrification  of  the  Chicago, 
Milwaukee  and  St.  Paul  with  3000-volt  direct  current 
applied  to  its  overhead  system,  the  results  from  which  are 
deserving  of  high  praise.  Shortly  after  the  Chicago,  Mil- 
waukee and  St.  Paul  had  made  the  decision  to  use  direct 
current  of  3000  volts,  it  became  necessary  for  the  Pennsyl- 
vania Railroad  to  decide  upon  the  system  they  should  select 
for  their  Chestnut  Hill  Branch  and  their  Paoli  Division — 
the  latter  division  forming  a  part  of  the  main  line  between 
New  York  and  Philadelphia.  Notwithstanding  the  fact 
that  the  11,000-volt,  alternating-current  system  of  the  New 
Haven  Railroad  had  been  placed  in  operation,  they  decided 
against  this,  and  applied  the  direct-current,  600-volt,  third- 
rail  system  between  the  Pennsylvania  Railroad  Terminal 
in  New  York  and  Harrison,  N.  J.  They  decided,  how- 
ever, in  favor  of  the  alternating-current,  11,000-volt  sys- 
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tern  as  the  one  which  should  be,  and  has  since  been,  appUed 
to  their  electrification  of  a  part  of  the  main  line  between 
New  York  and  Philadelphia,  and  from  recent  remarks  made 
to  me  by  the  Pennsylvania  engineers  it  is  evident  that  this 
system  is  the  one  which  will  be  utilized  as  the  future 
standard  for  their  lines. 

This,  therefore,  describes  the  situation  as  we  find  it 
today,  and  from  what  has  been  said  it  is  possible  that  I 
may  have  been  largely,  or  partially,  responsible  for  the 
third  item  mentioned  as  militating  against  the  progress  of 
electrification  in  this  country. 

We  now  arrive  at  the  point  to  which  every  man — engi- 
neer, manufacturer  of  electrical  apparatus,  or  railroad 
manager — should  give  honest,  fearless,  and  unselfish  con- 
sideration if  he  has  at  heart  the  commercial  and  industrial 
progress  of  this  country.  Certainly,  railway  managements 
have  become  thoroughly  discouraged  with  the  continued 
divergence  of  opinion  in  respect  to  the  proper  system  of 
railroad  electrification. 

There  are  many  instances  when  railroad  managements 
have  realized  that  it  would  be  to  their  physical  or  economic 
advantage  to  electrify,  and  have  placed  their  operating 
records  in  the  hands  of  engineers,  to  the  end  that  they  be 
analyzed  to  determine  the  beneficial  results,  if  any,  that 
would  accrue  to  them  through  a  change  from  steam  to 
electric  propulsion.  Many  able  analyses  have  been  made, 
in  which  it  has  been  shown  that  a  very  considerable  advan- 
tage would  result  thereby,  but  almost  at  the  very  moment 
of  decision  to  proceed  with  electrification  the  perennial 
difference  of  opinion  between  the  electrical  manufacturing 
companies  as  to  the  best  system  has  put  in  its  appearance 
and  has  caused  railway  executives  to  decide  that  if  the 
engineers  and  manufacturers  of  electrical  apparatus  were 
unable  to  compose  their  differences,  they  certainly  were  not 
in  a  position  to  decide  for  them.  They,  therefore,  con- 
cluded to  continue  steam  operation.  The  point,  therefore, 
is  this:  20  years  is  not  a  long  period  in  the  field  of  electric 
traction  in  comparison  to  the  past  100  years,  during  which 
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time  steam  transportation  has  been  developed,  but  in  that 
20  years  we  have- — as  said  elsewhere^ — ^developed  electri- 
cally propelled  engines  of  the  switch,  freight,  and  passenger 
types  which,  physically  speaking,  can  do  everything  their 
steam  confreres  can  do,  and  do  it  better.  Further,  it  can 
be  said  that  this  accomplishment  may  be  secured  by  the 
use  of  either  alternating-  or  direct-current  power.  More- 
over, there  are  many  places  where  railroad  management 
can,  by  the  use  of  either  system,  greatly  reduce  their  annual 
expense  of  operation,  inclusive  of  the  fixed  charges  neces- 
sary to  electric  traction. 

If  this  is  so,  and  it  surely  is,  certainly  it  is  unfortunate 
that  this  perennial  dissension  on  system  should  enter  into 
the  mind  of  railroad  managements  to  unseat  their  confi- 
dence and  dissuade  them  from  electrification,  the  benefits  of 
which  accrue,  not  only  to  the  companies  but  to  the  whole 
American  public.  This  lack  of  confidence,  a  product  of  the 
development  period,  must  now  be  removed  from  the  mind 
of  American  railroad  management.  The  electrical  manu- 
facturer can  eliminate  it. 

When  a  dollar  can  be  invested  with  the  certain  result 
that  the  structure  or  apparatus  it  erects  will  be  operated, 
maintained,  and  fully  amortized  during  its  life,  and  at  the 
same  time  yield  10  per  cent  upon  its  cost,  should  we  not 
bless  ourselves  with  its  creation,  especially  if  it  brings 
added  comfort  in  travel  and  greater  reliability  of  train 
movement — ^to  say  nothing  of  the  fact  that  healthy  employ- 
ment will  be  brought  about  during  and  after  the  period  of 
its  creation.  There  is  absolutely  no  question  as  to  the 
soundness  of  investment  in  many  cases  of  suspended  elec- 
trification in  this  country,  but  it  has  been  a  difficult  thing 
for  the  railroads  to  raise  the  necessary  money. 

Railroad  management  has  also  been  prejudiced  and  a 
considerable  portion  of  this  condition  may  be  assigned  to 
the  electrical  man,  who  has  made  too  many  gUttering 
promises,  while  the  electrical  manufacturers  have  added,  to 
considerable  extent,  to  the  delay  by  the  continuance  of 
their  battle  of  systems. 
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In  my  belief  the  true  effort  which  will  carry  electrifica- 
tion to  the  fore  in  this  country  is  less  petty  discussion  and 
real  co-operation;  and  real  co-operation  means  co-ordina- 
tion between  the  engineer,  the  railroad  man,  and  the  banker. 

It  is  an  entirely  erroneous  idea  that,  just  because  we 
may  have  expended  vast  sums  of  money  in  the  creation  of 
machinery  and  apparatus,  we  should  continue  their  use 
when  there  can  be  substituted  for  them  more  efficient  types, 
through  the  means  of  which  annual  savings  can  be  effected 
which  will  be  more  than  sufficient  to  amortize  the  old  invest- 
ment and  return  a  proper  interest  upon  the  new  capital  so 
invested.  Such  a  procedure  not  only  insures  greater  ade- 
quacy and  reliability  in  the  new  facilities  created,  but  it 
advances  the  arts,  and  at  the  same  time  it  benefits  the 
industry   of    the    country   by    creating   a   field  for  labor. 

Notwithstanding  the  three  assignments  I  have  made  in 
respect  to  the  causes  of  delay  in  railroad  electrification — 
while  keenly  conscious  of  these  facts,  yet  impressed  with 
the  benefits  to  be  derived  from  it — I  still  find  myself  in 
considerable  doubt  as  to  the  true  reason  why  more  rapid 
progress  has  not  been  made.  The  three  reasons  that  have 
been  given  as  deterrent  to  such  progress — while  of  serious 
moment- — are  none  the  less  easily  eliminated.  I  feel  sure 
that  it  will  be  only  a  shoulder-to-shoulder  policy  on  the  part 
of  engineers,  railroad  managers,  and  bankers  which  will 
accelerate  and  maintain  at  proper  speed  this  great  vehicle 
of  progress  (out  of  the  viscous  field  into  which  its  wheels 
have  been  driven). 

Today  we  have  five  major  electrifications  in  this  country, 
and  in  no  case  can  an  electric  locomotive  operating  upon 
the  one  be  used  upon  any  one  of  the  other  four.  Con- 
temporary with  the  development  of  this  situation  has  been 
the  antithetical  growth  of  our  great  electric  utility  business. 
With  agreement  on  the  part  of  electrical  engineers  and 
manufacturers  that  a  standard  form  of  electric  power 
should  be  generated  and  distributed,  we  find  ourselves  in 
this  country  possessors  of  the  widely  adopted  three-phase, 
60-cycle  system. 


RAILROAD  ELECTRIFICATION  97 

A  generator  producing  this  class  of  current  operates  in 
perfect  synchronism  with  another  generator,  whether 
across  the  street  or  200  miles  away.  England  is  in  a  far 
less  advantageous  position.  Take  the  City  of  London — 
here  instead  of  having  only  60  cycles  there  are  some  11 
frequencies  scattered  throughout  that  great  city,  and  thus 
it  is  impossible  to  interconnect  various  power  stations  con- 
structed within  its  limits.  We  in  this  country — though  in 
the  past  suffering  from  the  use  of  a  few  different  frequencies 
— have  so  greatly  reduced  the  number  that  today  there  are 
really  only  two  left — 60  and  25  cycles,  with  60  cycles  greatly 
predominant. 

Now  returning  to  our  railroads,  in  my  opinion  it  is  of 
paramount  importance  that  we  should  take  a  leaf  out  of 
the  book  of  electric  utility  policy  and  apply  it  to  the  rail- 
roads. Why  should  we  have  five  major  systems  in  this 
country,  where  an  engine  of  one  system  is  unable  to 
operate  on  any  of  the  other  four?  There  is  every  reason 
why  this  should  be  so  at  the  present  day,  but  in  my  opinion 
there  is  no  possible  reason  why  a  policy  of  this  character 
should  be  perpetuated.  Twenty  years,  as  previously 
stated,  is  no  great  period  during  which  to  develop  to  per- 
fection the  features  of  the  electric  traction  system,  when  100 
years  has  been  the  time  required  to  bring  us  to  the  present 
art  of  steam  transportation,  but  it  seems  to  me  when  we 
know  that  the  electric  engine  of  today,  physically  speaking, 
can  do  anything  that  can  be  accomplished  by  the  steam 
locomotive,  and  do  it  better,  certainly  we  should  do 
everything  to  help  rather  than  hinder  its  introduction.  In 
an  analysis  recently  made  by  me,  the  objective  sought  was 
a  determination  of  the  annual  relative  expense  between 
three  electric  traction  systems,  any  one  of  which,  physically 
speaking,  could  provide  a  better  switch,  freight,  and  pas- 
senger service  than  that  supplied  by  steam.  Some  very 
interesting  and  convincing  results  were  made  clear,  which 
confirm  me  in  the  belief  that  further  dissension  and  dis- 
cussion as  to  the  type  of  system  that  should  be  used  is  a 
waste  of  time  and  money. 
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To  review  briefly  the  procedure  which  caused  me  to  come 
to  this  conclusion — here  was  the  economic  problem  set  up. 

What  would  be  the  relative  annual  costs  involved 
between  three  systems  of  electrification  with  an  equal  duty 
of  railroad  performance  assigned  to  each  one  of  the  three? 
Incidentally,  in  making  this  analysis  it  can  be  said  that  the 
field  of  application  contemplated  operation  upon  a  four- 
tenths  of  1  per  cent  grade,  a  1  per  cent  grade,  and  a  2  per 
cent  grade.  A  trailing  load  of  3000  tons  (freight  service) 
with  normal  operating  speeds  not  exceeding  30  miles  an 
hour  was  used  as  a  train  unit  and  applied  to  headways  of 
4,  8,  12,  16,  and  32  per  day  per  track.  The  three  systems 
of  electrification  considered  the  use  of: 

1.  The  3000-volt,  direct-current  locomotive. 

2.  The  high-voltage,  alternating-current,  series-motor 
locomotive. 

3.  The  high-voltage,  alternating-current,  motor-generator 
locomotive. 

It  was  found  that,  irrespective  of  the  duties  assigned, 
i.e.,  whether  trains  were  operated  on  heavy  or  light  grade, 
or  on  greater  or  lesser  headway  schedules,  there  was  not  a 
difference  of  5  per  cent  in  annual  cost  between  any  one  of 
the  systems  applied — the  annual  expense  including  fixed 
and  operating  charges. 

The  reason  for  this  highly  interesting  result  is  simple, 
namely:  So  great  has  been  the  ingenuity  of  the  electrical 
engineer-designers  of  the  large  manufacturing  companies 
selling  generator,  transmission,  and  traction  apparatus  that 
they  have  been  able  to  utilize  to  the  highest  efficiency  the 
active  materials,  iron  and  copper,  associated  in  the  trans- 
formation of  mechanical  to  electrical  energy.  It  may  be 
definitely  stated  here  that  the  electrical  motive  power 
units  of  the  direct-current  system  are  less  costly  to 
construct  and  maintain  than  those  of  the  series-alternating- 
current  type,  while  the  higher  voltages  attained  in  appa- 
ratus of  the  alternating-current  type  have,  in  consequence, 
reduced  the  amount  of  current  to  be  transmitted  and  thus 
brought  about  a  less  costly  system  for  distributing  energy 
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to  the  motive  power.  Thus,  one  balances  the  other  and  the 
final  economic  result  for  either  system  is  about  equal.  It 
is  my  belief,  therefore,  that  since  any  one  of  these  three 
systems  accomplishes  an  actual  economic  result  not  dif- 
fering more  than  5  per  cent,  the  one  from  the  other,  there 
is  not  sufficient  ground  for  the  continuance  of  dissension, 
the  effect  of  which  serves  only  to  delay  in  many  places  the 
change  to  a  more  efficient  system  of  transportation. 

So,  as  in  the  standardization  of  the  type  of  power  used 
in  the  transmission  and  distributing  systems  of  the  elec- 
tric utihty  companies  exchanging  power,  it  would  seem  to 
me  that  facts  of  such  a  conclusive  order  should  similarly  lead 
to  the  recognition  on  the  part  of  engineers,  railroad  manage- 
ment, and  electrical  manufacturers  that  a  standard  type  of 
power  be  applied  to  the  contact  lines  of  electrified  railroads. 

It  is  not  my  belief  that  the  millennium  with  respect  to 
efficiency  in  electric  locomotive  design  has  yet  been 
reached,  but  it  is  certain  that  the  lack  of  interchange- 
ability  of  heavy  electric  motive  power  equipment  should 
cease.  Nor  yet  could  we  have  ever  arrived  at  this  high 
pinnacle  of  electric  locomotive  design  which  is  ours  today 
had  there  not  been  permitted  in  the  past  20  years  the  free 
exercise  of  initiative  on  the  part  of  the  manufacturing  com- 
panies in  the  choice  of  the  different  kinds  of  locomotives 
which  they  have  developed.  It  is  my  argument,  however, 
that  now,  since  any  one  of  these  types  of  engines  can  per- 
form more  adequately,  more  reliably,  and  more  efficiently 
than  the  steam  locomotives  they  replace,  electric  motive 
power  has  the  opportunity  of  being  designed  so  that  it  will 
not  be  confined  to  use  upon  only  one  road  to  which  it  has 
been  assigned.  How  can  this  be  accomplished?  Simply 
by  an  agreement  on  the  part  of  engineers,  railroad  manage- 
ment, and  electrical  manufacturers  that  there  be  a  common 
type  of  power  apphed  to  the  overhead  contact  system  of 
electrified  railroads.  The  instant  an  agreement  of  this 
character  is  reached,  three  things  will  happen. 

First  will  be  the  establishment  of  complete  confidence  on 
the  part  of  railroad  management  in  the  electric  locomotives. 
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Second,  railroad  management  will  be  encouraged  to  pur- 
chase electric  motive  power  equipment,  since  it  will  be 
operative  upon  other  railroads  and  therefore  will  carry  a 
much  higher  mortgage  value;  and,  third,  an  accelerated 
application  of  railway  electrification  in  this  country  will 
lead  to  mass  production,  tending  toward  standardization 
and  consequent  reduced  unit  costs. 

At  this  point  it  may  be  said  that  in  the  earlier  days  of 
electrification — those,  for  instance,  which  applied  to  the 
New  York,  New  Haven  and  Hartford,  the  New  York 
Central,  and  the  Pennsylvania  roads — the  capital  invest- 
ment necessary  to  its  adoption  was  a  100  per  cent  charge 
against  the  railroad.  That  is  to  say,  the  railroad  was 
required  to  raise  the  money  necessary  for 

1.  The  construction  of  its  power  facilities. 

2.  Its  electrical  motive  power  equipment. 

3.  Its  contact  and  distributing  systems. 

Today,  however,  this  100  per  cent  investment  can  be 
reduced  to  25  per  cent,  because  the  electric  utility  com- 
panies w^hich  are  adjacent  to  the  lines  contemplated  for 
electrification  are  in  a  position  to  furnish  all  the  power 
necessary,  of  a  type  applicable  for  use  on  all  electrified 
lines.  This  will  lift  the  burden  of  financing  the  motive 
power  equipment  from  the  shoulders  of  the  railroads,  as 
it  can  then  be  done  through  equipment  trust  bonds.  There 
w^ill  then  remain  only  the  financing  of  the  contact  lines 
with  their  supplemental  feeders,  the  capital  expendi- 
ture for  which,  as  aforestated,  will  be  not  more  than  25 
per  cent  of  the  total  costs  required  in  the  earlier  days 
mentioned. 

Many  people  associate  with  railroad  electrification  the 
requirement  of  a  large  amount  of  power.  The  heaviest 
piece  of  steam  railroad  electrification  in  the  United  States, 
from  a  density  standpoint,  is  that  of  the  New  York  Divi- 
sion of  the  New  York,  New  Haven  and  Hartford  Railroad, 
which  consists  of  a  four-track  system  between  New  York 
and  New  Haven,  a  route  distance  of  73  miles.  There  are 
over  118  electric  locomotives  and  37  motor  cars  for  multiple- 
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unit  service  on  this  division.  Yet  it  will  doubtless  surprise 
many  to  know  that  some  of  the  electric  utility  companies 
have  generating  units  in  their  power  stations,  a  single  one 
of  which  has  sufficient  capacity  to  furnish  all  the  power 
necessary  to  operate  this  division  at  peak,  and  besides  the 
locomotives  operating  upon  the  main  lines  this  would 
include  all  the  switch  units  that  are  operating  within  the 
yards  of  this  division,  some  of  them  containing  as  many  as 
35  miles  of  track. 

As  a  matter  of  fact,  it  would  only  be  necessary  to  increase 
by  a  very  small  percentage  the  usual  yearly  additions  to 
the  generating  capacity  of  our  central  electric  generating 
stations,  to  take  care  of  the  yearly  power  increment 
required  for  the  heavier  railway  divisions  of  this  country. 
So  small  would  this  be  that  this  statement  might  be  sup- 
plemented by  saying  that  the  increase  of  capacity  would 
not  be  of  particular  consequence,  even  during  the  period 
when  the  railway  properties  are  being  changed  from  steam 
to  electric  operation. 

It  is  my  belief  that,  in  connection  with  railroad  electri- 
fication, the  railroads  should  confine  themselves  to  the 
transportation  business  and  the  electric  utilities  to  the 
power  business.  Money  expended  by  each  in  their  respec- 
tive lines  would  be  the  more  economically  invested  and,  in 
so  doing,  insure  to  the  public  better  service  in  each  class. 
Because  of  the  far  larger  power  units  placed  in  the  central 
stations  of  the  electric  utility  companies  than  the  capacities 
that  would  be  assigned  in  power  stations  designed  for  the 
sole  supply  of  power  to  railroads,  and  because  of  the  higher 
load  factors  that  obtain  for  the  larger  stations,  the  resulting 
annual  unit  operating  and  fixed  charges  of  the  electric 
utility  companies'  produced  power  are  sufficiently  less  to 
permit  them — while  making  a  profit  to  themselves — to  fur- 
nish power  to  the  railroads  at  less  cost  than  it  would  be 
possible  for  them  to  produce  the  power  in  their  own 
stations. 

Thus  it  is  patent  that  the  whole  foundation  for  the  sup- 
ply of  electric  power  to  the  railroads  has  been  laid.     There 


102  SUPERPOWER— ITS  GENESIS  AND  FUTURE 

are  few,  if  any,  zones  in  this  country  with  railroads  having  a 
density  of  traffic  sufficient  to  warrant  electrification,  that 
are  not  within  economic  reach  of  transmission  and  distri- 
bution circuits  of  existing  electric  utility  companies,  and 
each  day  this  economic  radius  is  increasing,  due  to  the 
increasing  potentials  placed  upon  transmission  and  inter- 
connecting lines. 

As  electric  utility  power  will  be  so  intimately  related  to 
railroad  electrification,  it  is  necessary  here  to  advert  again 
to  the  three-phase,  60-cycle  system,  which  is  the  power 
system  that  has  been  adopted  by  them. 

This  system  is  and,  unquestionably,  will  be  standard  in 
this  country  for  application  to  industry  and  lighting.  Of 
the  more  than  six  billions  of  dollars  invested  in  the  electric 
light  and  power  business,  80  per  cent  is  associated  with  this 
type  of  power. 

If  all  the  steam  railroads  in  this  country,  economical  of 
electrification,  were  so  operated,  the  annual  demand  for 
electric  energy  would  not  increase  the  electric  utility  output 
over  5  per  cent. 

No  one  who  has  seen  a  passing  train  traveling  at  60  miles 
an  hour  and  headed  by  one  of  our  present  mammoth  steam 
locomotives  but  has  associated  with  it  an  immense  power. 
As  many  trains  of  this  character  are  operating  over  our 
many  railroad  lines,  to  say  that  it  requires  but  an  increase 
of  5  per  cent  in  normal  capacity  of  the  electric  utilities  to 
take  care  of  such  train  movement  is  strong  evidence  of  the 
enormous  power  demands  now  being  made  on  electric 
utility  companies.  Adequate  power  plants  lie  adjacent  to 
and  are  ready  to  furnish  the  necessary  power  for  purposes 
of  railroad  electrification.  Does  this,  therefore,  not  lead  us 
to  a  serious  consideration  of  the  relation  between  the  60- 
cycle,  three-phase  electric  utihty  system  and  the  future 
electrification  system  to  be  adopted  for  our  railroads.  Also 
the  position  that  superpower  will  occupy  in  that  future 
procedure. 

The  great  electric  utility  stations  that  are  driven  by 
steam  are  located  both  in  large  cities  and  outside  of  them. 
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They  may  be  near  coal  mines,  on  tidewater,  or  on  the  banks 
of  rivers.  The  future  will  see  an  ever-increasing  coupling 
up  of  these  plants  by  great  trunk  transmission  lines,  which, 
in  turn,  may  be  connected  with  near  or  distant  water-power- 
driven  stations.  Thus,  within  a  superpower  zone  all  will 
be  operating  in  unison,  creating  a  great  reservoir  of  power, 
distributing  electric  energy  in  three-phase,  60-cycle  form 
and,  unchanged  in  form  except  as  to  voltage,  this  power  will 
be  delivered  to  centers,  which,  in  turn,  will  dispense  current 
for  industrial  and  lighting  purposes. 

In  what  form  will  this  energy  find  itself  when  applied 
to  train  propulsion?  Although  electricity  has  been  deliv- 
ered for  train  propulsion  in  many  forms,  I  am  not  aware 
of  any  railroads  which  receive  it  on  board  locomotives  in 
three-phase,  60-cycle  form.  For  example,  the  New  Haven 
receives  it  upon  its  overhead  contact  lines  at  11,000  volts, 
single-phase,  25  cycles;  the  New  York  Central  distributes 
energy  to  its  locomotives  from  a  third-rail  at  600  volts 
direct  current;  the  Butte  and  Anaconda  has  an  overhead 
2400-volt,  direct-current  system;  the  Milwaukee  and  St. 
Paul  increases  this  to  3000  volt's.  The  Great  Northern 
uses  three  phases  but  it  is  of  25  cycles,  which  requires  the 
use  of  two  overhead  contact  lines,  while  the  Norfolk  and 
Western,  using  11,000  volts,  single-phase,  25  cycles  on  its 
overhead  contact  system,  converts  it  on  board  the  loco- 
motive to  three-phase  before  applying  it  to  the  motors 
geared  to  the  engine's  driving  axles. 

This  summary  of  the  types  of  power  used  by  five  of  the 
railroads  of  this  country,  which  have  had  their  heavier 
traction  divisions  electrified,  explains  at  once  why  a  loco- 
motive of  one  system  is  not  operative  upon  any  of  the  other 
four.  From  a  distribution  standpoint,  it  would  be  very 
advantageous  if  the  overhead  contact  systems  of  electrified 
railroads  could  be  supplied  through  lowering  transformers 
direct  from  the  transmission  and  distributing  circuits  of  the 
60-cycle,  three-phase  superpower  system  and  thus  eliminate 
the  substations  which  are  now  used  to  convert  three-phase 
power  into  either  direct  or  alternating  current  of  a  lower 
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frequency.  Unfortunately,  however,  as  the  apphcation  of 
the  three-phase  to  the  contact  systems  of  raih'oads  requires 
that  there  be  two  contact  hues  overhead,  this  becomes  a 
very  impractical  mechanical  arrangement.  If  only  one  of 
the  three  phases  of  the  electric  utility  lines  be  supplied  to 
a  single  overhead  contact  line,  since  the  auxiliary  apparatus 
necessary  to  keep  this  and  the  other  two  phases  in  balance 
is  so  costly,  both  from  the  investment  and  operating  point 
of  view,  any  advantage  from  this  form  of  power  distribu- 
tion from  the  three-phase  lines  of  the  electric  utility  com- 
panies is  seriously  offset.  It  should  be  added  that  when 
alternating  current,  single-phase,  is  applied  to  the  contact 
systems  of  the  railroads,  the  electro-magnetic  disturbances 
to  adjacent  telegraph  and  telephone  lines  increase  directly 
in  proportion  to  the  cycles  used.  It  is  not  to  be  inferred 
by  this,  however,  that  such  disturbances  cannot  be  com- 
pensated, but  the  amount  and  the  cost  of  corrective  appa- 
ratus necessary  are  in  direct  proportion  to  the  cycles  used. 
Again,  it  may  be  said  that,  as  the  self-induction  of  any 
circuit  increases  in  direct  proportion  to  the  cycles,  it  follows 
that  with  the  use  of  higher  frequencies  it  is  more  difficult  to 
maintain  normal  transmission  and  distribution  voltages. 

I  cannot,  therefore,  escape  the  conclusion — though  reluc- 
tant to  admit  it — that  60  cycles  on  the  overhead  contact 
systems  of  electrified  railroads  will  not  be  used.  What  will 
it  be?  When  this  question  is  asked,  the  "will"  should 
carry  just  as  far  into  the  future  as  we  can  possibly  see, 
because  there  are  situations  in  this  country  where,  from  an 
economic  standpoint,  it  is  a  crime  to  continue  steam  opera- 
tion, yet  when  electricity  is  substituted  the  system  used 
should  be  not  only  right  now,  but  susceptible  to  any 
improvements  in  the  art  which  the  future  may  develop. 

It  seems,  therefore,  that  we  can,  for  the  reasons  given, 
eliminate  the  60  cycles  as  applied  to  the  overhead  contact 
systems  of  electrified  railroads.  We  must,  naturally,  turn 
to  what  has  been  accomplished  to  date,  and  we  find  our- 
selves possessors  of  two  systems — namely,  the  high-voltage, 
25-cycle,  single-phase  system,  and  the  high-voltage,  direct- 
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current  system.  In  the  former,  potentials  of  11,000  volts 
are  used,  and  in  the  latter,  3000  volts.  Either  one  of  these 
two  systems  may  be  selected  for  heavy-traction  operation 
with  a  negligible  difference  in  annual  operating  cost,  and 
may  be  used  for  the  purpose  of  propelling  trains  in  freight, 
passenger,  or  switching  service.  Either  one  of  them  can  be 
counted  upon  to  propel  its  trains  with  more  reliability  than 
were  they  propelled  by  steam. 

It  surely  cannot  be  denied  by  engineers,  railroad  man- 
agements, or  electrical  manufacturers,  that,  if  the  future 
electric  locomotive — like  the  steam  locomotive — can  be 
made  to  operate  upon  any  electrified  railroad,  a  great  eco- 
nomic and  valuable  victory  will  have  been  won.  The 
advantages  of  this  accomplishment  are  so  many  and  so 
important  that  they  fairly  bristle  and  vie  with  each  other 
to  proclaim  themselves;  yet  standing  out  among  the  number 
is  the  most  important  one  of  all — namely,  the  establishment 
of  a  real  mortgage  value  for  the  electric  locomotive,  in  that 
it  then  becomes  an  engine  operative  upon  any  electrified 
property. 

We  have  two  types  of  electric  locomotives  which  have 
served  with  notable  economical  results.  One  may  be 
typified  by  that  used  upon  the  New  Haven  Railroad, 
receiving  from  the  overhead  trolley  11,000  volts  of  25-cycle, 
single-phase  current.  The  other  may  be  typified  by  an 
engine  of  the  class  used  upon  the  Milwaukee  and  St.  Paul, 
receiving  from  the  overhead  trolley  3000  volts  of  direct 
current.  It  seems  to  me  that  we  must  face  and  ask  the 
following  question: 

Which  one  of  these  engines  is  the  more  truly  and  logi- 
cally associated  with  future  railroad  electrification  in  this 
country?  It  will  certainly  be  that  engine  which  will 
follow  the  true  economic  law  of  application.  We  may 
have  had  our  differences  of  opinion  in  the  past,  and  it  is 
very  well  that  we  have.  These  very  differences  of  opinion 
must  serve  to  set  us  on  the  right  track  to  reach  a  final  con- 
clusion and  accomplishment. 
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As  a  people  we  are  not  lacking  in  initiative,  but  we  look 
to  the  leaders  in  the  various  arts,  and  not  to  the  Govern- 
ment, to  develop  our  economic  problems,  and  to  our 
Government  to  control  and  protect  these  arts  for  the  people. 
For  20  years  we  have  been  striving  to  develop  a  better 
transportation  by  electricity  in  the  localities  where  a  change 
from  steam  operation  is  economically  justified. 

We  are  both  blessed  and  cursed;  blessed  because  both 
direct  and  alternating  current  can  do  what  steam  can  do 
and  do  it  better;  cursed  because  both  alternating  current 
and  direct  current  do  it  equally  well.  But  here  is  the  crucial 
point:  We  know  what  the  future  system  of  power  genera- 
tion, transmission,  and  distribution  will  be.  It  is  60-cycle, 
three-phase,  and  our  confidence  in  it  has  been  shown  by 
investing  nearly  six  billions  of  dollars  in  such  a  system  and 
by  the  spending  of  over  a  billion  a  year  in  annual  extensions. 
What  shall  be  the  future  standard  of  electric  power  supply 
to  our  railroads? 

As  superpower,  railroad  electrification,  and  industry  are 
so  inalienably  associated,  the  thought  arises— why  are  we 
the  greatest  industrial  nation  in  the  world?  The  answer 
is  because  the  American  wage  earner  has  more  than  twice 
the  horsepower  behind  his  elbow  that  his  closest  foreign 
competitor  enjoys.  Where  does  it  come  from?  Eighty 
per  cent  of  the  purchased  power  originates  from  the  three- 
phase,  60-cycle  system  of  the  electric  utility  companies,  and 
that  percentage  will,  in  the  future,  more  nearly  approach 
the  100  per  cent  mark.  In  other  words,  we  are,  as  a  public, 
satisfied  with  a  standard  of  power  to  apply  to  industry, 
and,  as  the  great  superpower  interconnecting  trunk  trans- 
missions unify  our  great  industrial  territories,  this  fact  will 
increase  the  amount  and  the  reliability  of  the  power  behind 
the  arm  of  the  American  wage  earner,  bringing  about  not 
only  an  increase  in  annual  production,  but — as  history 
shows  is  always  the  result — also  a  lowering  of  the  general 
cost  of  living.  Now  we  must  have  an  equally  reliable, 
adequate,  and  economic  system  of  transportation  to  take 
care  of  the  growing  industry  of  this  country.     Our  products, 
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raw  and  finished,  must  not  be  subject  to  the  terminal  and 
road  delays  from  which  we  are  now  suffering. 

The  electric  movement  of  freight  and  passenger  trains 
on  heavy-traffic  trunk  lines  and  within  terminal  limits  will 
be  the  means  of  eliminating  these  delays.  The  greater 
capacity  of  electric  locomotives  under  the  control  of  one 
engine  crew  will  permit  the  reduction  of  train  units  through 
the  consolidation  of  trains,  and  the  more  rapid  acceleration 
incident  to  the  use  of  multiple-unit  electric  cars  requiring 
no  turning  will  permit  the  speedy  movement  into,  and  out 
of,  terminal  territory,  thus  reducing  congestion  therein. 
Multiple-unit  trains  require  no  turning  at  terminals. 

I  do  not  believe  that  what  has  come  to  be  known  as  the 
split-phase  engine  is  one  to  be  considered  in  the  general 
field  of  railroad  electrification.  It  is  true  that  it  may  be 
designed  to  receive  the  high-voltage,  single-phase  current 
from  a  single  overhead  contact  line,  but,  as  previously 
explained,  this  current  is  changed  on  board  the  locomotive 
to  polyphase  current  and  then  applied  to  the  motors  geared  to 
the  driving  axles  of  the  engine.  With  the  phase  remaining 
single  and  applied  to  the  series  type  of  motor,  the  speed- 
torque  characteristics  of  the  locomotive  are  of  the  variable- 
speed  type  which,  in  my  opinion,  is  the  correct  type 
to  apply  for  general  train  movement.  However,  the  con- 
version of  it  into  polyphase  requires  that  the  characteristics 
of  the  engine  be  those  of  constant  speed,  which  is  to  say 
that,  though  the  engine  starts  the  train  from  rest,  the  nature 
of  the  motor  characteristics  are  such  as  to  require  that  the 
train  be  accelerated  promptly  to  a  set  speed  and  main- 
tained at  that  speed  for  the  major  portion  of  its  run. 

The  Norfolk  and  Western  and  the  proposed  Virginian 
road  electrifications  employ  locomotives  of  this  type  but,  in 
my  opinion,  these  electrifications  are  special,  being  designed 
for  exceedingly  heavy  duty  and  dealing  with  heavy  grades. 
The  Norfolk  and  Western  is  now  giving,  and  the  Virginian 
road  will  undoubtedly  give  excellent  service  with  the  type 
of  locomotive  as  described,  but,  as  said  before,  these  are 
special  conditions  and  there  are  grave  doubts  as  to  the 
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desirability  of  requiring  a  railroad  to  recognize  constant 
speed  as  a  ruling  characteristic  of  operation.  Engines  of 
the  Norfolk  and  Western  and  Virginian  type  will  certainly 
not  co-ordinate  with  the  requirements  of  general  trunk-line 
haul  and  terminal  operations. 

We  are  prepared  now,  not  forgetting  the  elements  and 
characteristics  that  go  to  make  up  high-voltage,  alternating- 
current,  single-phase  locomotives,  and  high-voltage,  direct- 
current  locomotives,  to  take  a  long  look  ahead  toward  the 
possible  standard  that  may,  and  must,  apply  finally  to  all 
railroad  electrifications.  Up  to  very  recently,  in  order  to 
convert  three-phase  alternating  current  into  direct  current, 
motor  generators  or  rotary  transformers  have  been  used. 

In  the  Butte  and  Anaconda  and  the  Chicago,  Milwaukee 
and  St.  Paul  electrifications,  motor-generator  sets  were 
installed  in  substations  along  the  rights-of-way  of  those 
roads,  the  motors  of  these  sets  receiving  three-phase  alter- 
nating current  through  lowering  transformers  connected  to 
high-tension  transmission  lines,  the  generators  converting 
it  into  direct  current  of  1200  or  1500  volts — two  of  these 
generators  being  connected  and  operated  in  series.  In  the 
Butte  and  Anaconda,  the  voltage  so  produced  and  applied 
to  the  trolley  is  2400  volts,  while  that  of  the  Chicago, 
Milwaukee  and  St.  Paul,  as  before  stated,  is  3000  volts. 

During  the  last  few  years,  and  especially  abroad,  excel- 
lent advance  has  been  made  toward  producing  direct 
current  from  three-phase  alternating-current  power  through 
the  use  of  the  mercury  arc  rectifier.  The  principles  of 
operation  and  the  appearance  of  this  apparatus  are  mark- 
edly different  from  the  motor  generator  or  rotary  trans- 
former. Like  the  motor  generator  or  rotary  transformer,  it 
accepts  the  three-phase  alternating  current,  and,  while  all 
the  time  maintaining  a  balanced  voltage  between  the  three 
phases  received,  it  converts  these  three  phases  into  a  single 
direct  current  through  the  agency  of  a  revolving  arc,  and, 
depending  upon  the  incoming  voltage  of  the  three  alter- 
nating-current phases,  the  direct-current  voltage  takes  its 
potential.    However,  unlike  the  motor  generator  and  rotary 
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transformer,  the  mercury  arc  rectifier  is  a  static  rather  than 
a  rotative  piece  of  apparatus.  Also  it  possesses  a  con- 
siderably higher  efficiency  throughout  its  entire  range  of 
operation.  Further,  being  a  static  piece  of  apparatus, 
fewer  attendants  and  inspections  are  required. 

Only  a  few  of  these  mercury  arc  rectifiers  are  in  operation 
in  this  country,  but  in  Europe  many  have  been  placed  in 
service  and  are  giving  excellent  results.  While  in  Europe 
last  summer  I  had  opportunity  to  visit  and  inspect  a  num- 
ber of  the  mercury  arc  rectifiers,  both  in  process  of  manu- 
facture and  in  commercial  operation,  and  was  impressed 
with  the  finished  workmanship  on  this  type  of  apparatus, 
and  with  the  general  stability  and  operating  characteristics 
under  heavy  service  conditions. 

Does  the  mercury  arc  rectifier  today  portend,  in  its  sim- 
plicity of  construction  and  operation,  the  future  clearing 
house  between  economic  alternating-current  transmission 
of  power  and  the  economic  utilization  of  it  in  the  form  of 
direct  current  for  electric  traction? 

Short  as  has  been  the  history  of  utilitarian  electricity, 
each  year  has  emphasized  the  requirement  that,  where 
power  in  bulk  is  transmitted  over  long  distances,  high- 
voltage  alternating  current  must  be  used.  The  rails  of 
our  roads  extend  over  long  distances,  and  power  in  sizable 
blocks  must  be  fed  to  the  trains  operating  upon  them.  We 
cannot,  therefore,  disassociate  the  possible  application  of 
the  above-stated  principle  with  railroad  transportation. 
Alternating  current  is  inalienably  associated  with  heavy- 
traction  electrification.  Direct-current  potentials  are  not 
sufficiently  high  or  wieldy  to  carry  current  of  this  type  out 
of  the  power  stations  to  the  railroad's  overhead  contact 
system.  Even  in  the  case  of  the  Chicago,  Milwaukee  and 
St.  Paul,  where  direct  current  at  3000  volts  is  used  on  the 
overhead  contact  system,  we  see  the  substations  along  the 
right-of-way  of  that  property  supplied  by  high-voltage, 
alternating,  three-phase  current  which,  in  turn,  is  there  con- 
verted into  3000-volt  direct  current.  Again,  we  must 
advert  to  the  type  of  conversion  apparatus  in  these  sub- 
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stations.  We  find  it,  as  stated  before,  to  be  made  up  of 
motor-generator  sets.  Will  the  future  see  mercury  arc 
rectifiers  substituted  for  these  motor  generators?  Already 
we  see  such  a  substitution  being  made  for  motor  generators 
and  rotary  transformers  by  street  railways  or  interurban 
lines,  in  this  country. 

In  France,  on  the  Paris  railways  and  on  the  Midi  Rail- 
road, it  has  already  entered  the  traction  field  in  lieu  of  motor 
generators.  In  the  former  case  the  rectifiers  deliver  600- 
volt  direct  current  to  the  street  cars,  while  the  direct-current 
potential  delivered  to  the  Midi's  heavier  trains  from  the 
rectifiers  is  1500  volts.  With  so  marked  a  trend  in  this 
direction  we  must  not  fail  to  reckon  with  the  possibility  of 
the  rectifier  being  used  for  future  heavy  traction  electrifica- 
tion, as  there  certainly  could  be  no  object  in  using  motor- 
generator  sets  if  rectifiers  will  provide  an  equally  reliable 
supply  of  power  at  higher  efficiencies  and  less  operating 
cost. 

For  the  moment,  without  discussing  the  type  of  motive 
power  that  w^ould  be  used  in  connection  with  the  rectifier 
supply  of  power  to  the  overhead  contact  systems  of  heavy 
traction  railroads,  let  us  review  the  possible  points  in  its 
favor  from  a  purely  distribution  standpoint: 

1.  The  rectifier  can  take  three-phase  alternating  current 
of  either  25  or  60  cycles  and  convert  it  into  direct  current, 
and  thus,  irrespective  of  the  frequencies  applied  to  its  alter- 
nating-current side,  the  direct-current  sides  of  any  number 
of  rectifiers  can  be  operated  in  multiple. 

2.  The  transmission  of  balanced  three-phase  alternating 
current  along  the  rights-of-way  of  the  railroads  does  not 
introduce  the  serious  electro-magnetic  disturbances  incident 
to  power  of  equal  magnitude  transmitted  single  phase. 

3.  The  annual  costs  of  converting  the  three-phase  cur- 
rent into  direct  current  by  mercury  rectifiers,  after  develop- 
ment charges  are  eliminated,  will  doubtless  be  less  than 
when  this  conversion  is  made  by  motor  generators  or  rotary 
transformers.  (The  higher  efficiency  of  the  rectifier  is 
taken  into  account  in  this  statement.) 
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4.  Power  can  be  received  from  the  circuits  of  the  electric 
utility  companies  without  unbalancing  the  potentials  of 
their  three  phases,  and  it  is  difficult  to  gainsay  the  great 
advantages  that  may  accrue  to  a  power  distribution  of  the 
above  character. 

While  the  advances  in  the  arts  indicate  that  they  may 
be  possible  of  attainment,  it  is  my  opinion,  however,  that 
the  rectifier  has  not  reached  a  stage  of  development  today 
to  warrant  its  use  on  a  railroad  contemplating  electrifi- 
cation, where  3000  volts  is  to  be  the  overhead  contact 
potential. 

We  should  combine  alternating-current  distribution  and 
direct-current  motive  power,  to  the  end  that  each  may  make 
its  economic  contribution,  and,  while  doing  so,  make  sure 
that  the  system  installed  will  permit  of  such  changes  in  the 
future  as  will  insure  further  economies  of  operation.  But 
above  all,  the  procedure  that,  in  my  opinion,  transcends 
any  other  and  throws  the  discussion  of  the  relative  merits 
of  systems  into  the  discard  is  the  necessity  of  a  get-together 
policy  on  the  part  of  engineers,  railroad  management,  and 
electrical  manufacturers.  Such  a  co-operative  effort  may 
result  in  the  careful  weighing  of  the  knowledge  and  results 
so  far  attained  in  the  field  of  railroad  electrification,  and  a 
policy  as  to  a  standard  form  of  railroad  power  to  be  devel- 
oped similar  to  the  policy  established  by  the  electric  utility 
companies  in  selecting  three-phase,  60-cycle  power. 

It  is  my  confirmed  belief  that  the  future  will  see  the  use 
of  a  system  of  electrification  common  to  all  railroads,  but 
railroad  management  today  should  also  be  convinced  that 
either  the  alternating-current  or  direct-current  system  can 
be  relied  upon  to  give  a  far  more  reliable  service  than  the 
steam  that  would  be  replaced.  Today  a  toss  of  a  coin  in 
the  air  would  decide  which  would  do  it  the  more  economi- 
cally and  reliably. 

These  two  wonderful  systems  of  electrification,  developed 
by  the  two  greatest  electrical  manufacturing  companies  in 
the  world,  have  arrived  at  this  state  of  perfection  because 
their  electrical  engineers  have  been  able  to  use  iron  and 
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copper — the  active  materials  in  electricity's  production — 
with  a  negligible  difference  in  loss,  whether  they  be  handling 
alternating  or  direct  current.  In  the  choice  of  a  system  of 
electrification,  a  railroad  might  be  likened  to  a  man  going 
into  a  store  to  buy  a  suit  of  clothes — two  suits  lie  before 
him,  of  equal  warmth,  the  one  is  gray  and  the  other  is  blue. 

I  have  constantly  argued  for  the  unification  of  thought 
looking  to  a  standard  type  of  power  for  the  overhead  sys- 
tem of  electrified  railroads.  It  is  possible  that  what  has 
been  said  in  the  foregoing  pages  may  be  interpreted  as 
introducing  new  elements  for  further  widening  the  field  of 
discussion,  which  may  lead  us  away,  rather  than  toward, 
the  final  decision  so  earnestly  sought.  Certainly,  no  stale- 
mate could  be  more  effective  than  the  one  that  exists  today, 
where  having  two  equally  reliable  systems,  we  delay  progress 
in  railroad  electrification  because  we  cannot  choose  between 
them.  Possibly  we  are  to  rise  to  perfection  in  the  field  of 
electric  train  propulsion  by  taking,  as  in  the  instance  of 
steam,  a  hundred  years  to  reach  it!  Or  possibly,  with 
these  two  excellent  systems  in  existence,  the  field  of  appli- 
cation of  electrification  in  this  country  is  wide  enough  per- 
manently to  include  the  use  of  both.  But  I  associate  with 
this  last  method  of  procedure  a  deflection  from  the  true 
course  that  should  be  followed,  and  which  can  be  determined, 
as  previously  stated,  through  a  close  co-operation  of  engi- 
neers, railroad  management,  and  electrical  manufacturing 
companies  in  this  country. 

Quite  a  few  years  ago  one  of  the  electrical  manufacturing 
companies  took  the  position  of  preferring  the  alternating 
current,  but  expressed  willingness  to  bid  on  direct-curtent 
specifications,  while  the  other  refused  to  consider  the 
alternating-current  proposition.  Today,  however,  a  not- 
able advance  in  co-operation  is  marked  by  the  willingness 
of  both  companies  to  bid  on  either  alternating-  or  direct- 
current  electrifications.  It  is  a  well-ordered  belief  that  in 
time  both  companies,  associating  themselves  with  both 
forms  of  electrification,  will  finally  agree  that  one  growing 
out  of  both  will  answer  all  purposes.     Until  that  time 
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arrives  the  electric  locomotive  will  not  be  as  mortgagable 
a  piece  of  apparatus,  but  at  least  railroad  management 
may  have  the  satisfaction  of  knowing  that  whatever  type 
is  furnished  it  will  deliver  a  better  physical  service  than  the 
steam  locomotive  it  replaces. 

To  suggest  the  "consideration"  of  the  rectifier  in  the 
possible  future  system,  combining,  as  it  does,  the  economies 
of  high- voltage  alternating-current  transmission  and  direct- 
current  motive-power  utilization,  is  not  to  recommend  its 
''use"  today.  Such  a  system  would  permit,  however,  the 
power  to  be  supplied  from  the  electric  utility  companies  to 
be  in  conformity  with  the  standard  they  have  elected  for 
themselves,  and  to  these  three  valuable  characteristics  may 
be  added  a  fourth — namely,  this  plan  of  electrification 
would  offer  minimum  electro-magnetic  interference  to 
telephone  and  telegraph  wires  adjacent  to  railroad  property. 

I  have  known  many  of  the  executives  and  engineers  of 
these  two  great  electrical  manufacturing  concerns — the 
General  Electric  and  the  Westinghouse  companies — and 
some  twenty  years  ago,  possibly  helped  to  sow  some  of  the 
seeds  of  what  has  been  called  the  alternating-  and  direct- 
current  heavy-traction  controversy.  However,  in  the  light 
of  experience,  this  can  be  rated  as  an  education  rather  than 
a  controversy.  I  know  the  marvelous  facilities  for  research 
at  their  command,  and  with  it  the  earnestness  of  each  com- 
pany is  marked  by  the  millions  of  dollars  they  have  spent 
in  the  development  of  these  two  forms  of  electrification. 
Neither  company  has  asked  for  an  arbiter  in  such  a  deci- 
sion, and  one  would  be,  indeed,  foolish  to  offer  his  services 
in  such  a  task.  The  solution,  as  said  before,  lies  in  the 
willingness  of  the  masters  of  these  two  great  arts  to  agree  in 
the  thought  that  the  accomplishment  of  electrification  is 
more  important  than  the  system.  It  is  with  these  thoughts 
in  mind  that  I  have  visualized  possibly  the  impersonal 
future  as  an  arbiter  in  the  case.  Certainly,  there  are  times 
when,  unexpectedly,  a  clearing  house  for  our  difficulties 
lends  itself  to  a  situation  which  has  not  been  in  association 
with  past  procedure. 
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If  the  3000-volt  rectifier  of  high  voltage  and  kilowatt 
capacity  arrives,  will  it  be  the  pivotal  point  in  effecting  a 
standard  of  power  to  the  overhead  contact  systems  of  elec- 
trified railroads?  It  certainly  has  not  arrived,  and  yet  it 
has  the  foundation  and  earmarks  of  strong  possibility. 
Therefore,  it  seems  to  me  that  one  is  justified,  while  not 
recommending  adoption,  in  at  least  recommending  con- 
sideration and  most  earnest  analysis,  on  the  part  of  these 
two  great  companies,  to  such  possible  future  use. 

A  3000-volt  rectifier  has  been  constantly  referred  to.  It 
is  possible  that  a  rectifier  of  so  high  a  voltage  may  not  be 
necessary.  The  future  may  endorse  rectifiers  of  half  that 
voltage,  which  may  be  of  such  automatic  character  and  so 
reliable  in  operation  that  they  will  not  require  attendance 
other  than  periodic  inspection.  With  this  lower  voltage  a 
very  considerably  larger  number  would  have  to  be  installed 
along  the  rights-of-way  of  the  railroads  than  would  be 
required  of  the  higher  voltage.  On  the  other  hand,  the 
lower  voltage  would  have  application  to  terminal  electri- 
fication, and  thus  require  no  break  of  voltage  between 
trunk  line  and  terminal  territory. 

Having  lived  most  of  my  life  in  the  environment  of  the 
electric  power  and  traction  fields,  it  has  always  been  my  effort 
to  keep  away  from  foreshortened  views  in  these  two  won- 
derful fields  so  replete  with  able  executives  and  engineers, 
whose  happiness  is  plainly  measured  by  the  degree  of  success 
to  which  their  efforts  have  advanced  their  arts.  It  has 
been  my  experience  also  that  these  men  are  always  recep- 
tive when  ideas  have  been  presented  which  would  tend  to 
further  the  public  interest. 

It  is  only  fair  to  say  also  that  evolution  rather  than 
revolution  is  always  the  better  agent  to  employ  in  planning 
the  future.  I  have  faith  in  both  of  the  two  great  systems 
that  have  been  evolved,  and  an  equal  faith  in  the  two  great 
companies  that  have  evolved  them.  These  two  equal 
faiths  are  based  on  my  belief  that  the  future  will  see  an 
assembly  of  all  research  and  analysis  pooled  to  settle 
finally  this  great  question  as  to  the  proper  railroad  over- 


RAILROAD  ELECTRIFICATION  115 

head  power  standard;  just  as  a  similar  situation  was  settled 
by  the  electric  utility  companies. 

Another  thought  before  closing  the  subject — no  fear  need 
be  entertained  by  railroad  management  in  selecting  the  one 
or  the  other  system,  for  today  the  efficiencies  of  both  are 
high  up  in  the  scale  of  operation,  and  whatever  later  changes 
to  the  system  selected  may  be  required,  it  can  be  made  to 
conform  to  any  new  standard  to  be  developed,  and  will  not 
jeopardize  investments  made,  or  be  a  controlling  agent  in 
matters  of  net  income  return  on  the  investment  involved. 

This  chapter  was  started  with  a  quotation  from  my 
contribution  to  the  National  Electric  Light  Association 
Committee  dealing  with  the  question  of  the  relation  of  the 
electric  industry  to  railroad  electrification.  Subsequent  to 
its  writing  a  very  notable  meeting  was  held  under  the 
auspices  of  the  American  Institute  of  Electrical  Engineers 
on  the  fifteenth  of  May,  1925,  on  which  occasion  Mr.  E.  M. 
Herr,  President  of  the  Westinghouse  Electric  and  Manu- 
facturing Company,  and  Mr.  Gerard  Swope,  President  of 
the  General  Electric  Company,  delivered  papers  in  respect  to 
railroad  electrification.  No  more  fitting  close  of  this  chap- 
ter could  be  made  than  by  presenting  these  papers  in  full. 

The  presentation  of  the  situation  by  Mr.  Swope  was  as 
follows : 

"One  of  the  most  important  factors  in  making  this  country  one 
and  undivided,  and  tending  toward  greater  solidarity  in  interest 
and  thought,  has  been  the  widespread  development  of  trans- 
portation. This  country  is  tremendously  indebted  to  the 
courage  and  vision  of  the  pioneer  railroad  builders  in  welding 
different  sections  of  the  country  together,  and  the  union  of  East 
and  West  by  solid  ties  of  steel  was  a  magnificent  achievement 
rarely  if  ever  paralleled  in  the  history  of  any  country. 

"The  very  existence  of  our  great  cities  and  their  growth  depend 
on  efficient,  expeditious  and  economical  transportation.  It  is 
almost  impossible  to  appreciate  the  amount  of  transportation 
involved  merely  to  maintain  life  in  a  city  like  New  York.  Well- 
informed  engineers  report  that  the  freight  transportation  require- 
ments of  a  city  in  ton-miles  have  increased  3}'2  times  as  fast  as 
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its  population,  and  modern  city  planning  is  largely  a  problem  for 
meeting  these  conditions. 

"The  position  that  the  transportation  system  in  the  United 
States  has  reached,  enjoying  as  it  does  the  proud  distinction  of 
rendering  the  greatest  service  to  the  community  as  a  whole  of 
any  in  the  world,  is  a  monument  and  credit  to  the  initiative  and 
enterprise  of  private  undertaking. 

"The  part  that  the  steam  engine  has  played  in  this  development 
is  remarkable.  Under  the  inspiration  of  the  engineers  associated 
with  the  railroads  and  the  manufacturers,  the  steam  engine  has 
met  the  successive  and  seemingly  insurmountable  difficulties 
presented  in  moving  greater  tonnage  at  higher  speeds.  Our 
extensive  transportation  system  has  been  so  admirably  served 
by  the  steam  locomotive  that  we  should  not  look  for  a  change  to 
another  type  of  motive  power  unless  there  are  some  good  and 
sufficient  reasons  for  its  adoption.  The  steam  locomotive  will 
undoubtedly  continue  for  many  years  in  the  service  with  which  it 
has  been  so  closely  identified  for  nearly  a  century.  Further 
improvements  may  be  expected  which  will  increase  the  power  and 
the  fuel  economy  of  steam  locomotives,  but  however  much  may 
be  accomplished  in  this  direction  there  still  remains  the  limita- 
tion of  power  imposed  by  restrictions  in  size  of  the  locomotive 
boiler  and  fire  box,  and  the  inherently  lower  fuel  economy  in 
comparison  with  the  modern  steam  electric  power  station. 

"The  problem  before  the  railroads  and  the  country  is  more  effi- 
cient, more  economical,  more  expeditious  methods  of  handling 
the  great  transportation  of  this  country,  and  serving  the  people 
of  the  farms  and  cities  in  the  most  satisfactory  manner.  The 
electrical  manufacturers  as  well  as  all  manufacturers  are  vitally 
interested  in  the  solution  of  this  problem.  The  electrical  manu- 
facturer is  not  advocating  electrification  of  railroads  simply  in 
order  to  sell  his  electrical  apparatus,  as  this  would  be  a  short- 
sighted policy.  The  electrical  manufacturer,  as  a  member  of  the 
whole  community  to  be  served,  and  its  hundreds  of  thousands  of 
employees  want  the  transportation  system  of  the  United  States 
to  be  the  best  in  the  world,  and  the  best  adapted  to  meet  the 
nation's  requirements  of  service  at  the  lowest  cost.  We  do 
believe  that  electrification  will  meet  these  requirements  of  a 
large  and  increasingly  larger  portion  of  our  railroads  more  fully 
than  any  other  change  in  the  transportation  system,  and  a  brief 
resum^  of  the  reasons  therefor  follows : 
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"First,  the  conversion  of  energy  from  coal  to  power  is  at  best 
inefficient,  but  the  most  uneconomical  and  wasteful  is  the  con- 
version of  power  on  a  steam  locomotive  in  comparison  with  the 
high  efficiency  now  developed  in  the  large  modern  electric 
power  stations  of  the  country.  This  difference  in  efficiency 
is  inherent  and  cannot  be  modified  to  a  great  extent  even  by  the 
improvements  that  have  been  made  and  are  being  made  in  the 
efficiency  of  the  steam  locomotive.  The  saving  of  coal  per  year, 
if  only  one-half  of  the  railroad  mileage  of  the  United  States  were 
electrified,  would  be  approximately  40,000,000  tons,  or  at  the 
prevailing  market  price,  $120,000,000  per  year.  This  would  be 
a  fine  contribution  to  the  conservation  of  our  natural  resources, 
would  free  human  labor  in  the  mines  and  free  investment  in 
handling  this  tonnage,  and  increase  by  more  than  10  per  cent 
the  carrying  power  of  the  railroads  so  electrified,  because  this 
part  of  the  present  equipment  is  now  used  to  transport  the  coal 
the  railroads  themselves  consume. 

"Second,  the  electric  locomotive  is  not  restricted  in  its  capacity, 
as  in  the  case  of  the  steam  locomotive,  the  latter  being  limited  in 
power  by  the  size  of  the  boiler  it  can  carry.  The  central  station 
from  which  the  electric  locomotive  derives  its  power  is  stationary 
and  may  have  a  capacity  many  times  in  excess  of  any  number  of 
locomotives  that  may  be  on  the  line  at  the  same  time.  Electrifica- 
tion thus  provides  greater  possibilities  for  handling  heavier  traffic 
more  expeditiously  under  varying  conditions  of  railroad  operation, 
with  less  human  effort  and  supervision  and  at  a  reduced  cost. 

"Third,  the  contribution  to  health,  comfort  and  safety  by  elimin- 
ation of  smoke  and  dirt  in  tunnels  and  city  terminals  is  apparent. 
The  increased  money  value,  by  reason  of  electrification,  to  the 
railroads  themselves,  to  the  city  from  increased  tax  assessments 
and  to  private  property  owners  because  of  increase  in  value  and 
consequent  increase  in  rents  could  have  no  more  striking  illus- 
tration than  is  furnished  by  the  district  immediately  surrounding 
the  magnificent  terminals  of  the  Pennsylvania  and  New  York 
Central  railroads  in  this  city. 

"Fourth,  in  many  instances  capital  expenditure  for  betterments 
on  congested  mountain  grade  divisions  may  be  more  profitably 
made  for  electrification  than  for  the  building  of  tunnels,  construc- 
tion of  additional  tracks  and  more  steam  engine  facilities.  The 
electric  locomotive  combines  enormous  tractive  power  with  much 
higher  speed  which  makes  it  most  effective  in  increasing  the 
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carrying  capacity  of  existing  tracks.  Thus  its  introduction 
postpones  indefinitely  any  necessity  for  great  expenditures  that 
would  be  needed  to  give  equivalent  operating  facilities  with  steam 
engines  on  these  mountain  divisions. 

"Fifth,  records  kept  over  a  long  period  of  time  show  clearly  that 
the  cost  of  maintenance  of  steam  engines  is  three  times  that  of 
electric  locomotives,  hauling  the  same  tonnage,  over  the  same 
divisions  and  under  the  same  operating  conditions. 

"Sixth,  for  switching  and  branch  line  service  the  Diesel  electric 
locomotive  and  the  gas  electric  car  are  available.  These  consist  of 
a  gasoline  or  Diesel  engine  driving  an  electric  generator,  which  in 
turn  drives  electric  motors.  The  unit  is  self-contained  and 
independent  of  trolley  or  third  rail. 

"This  briefly  sets  forth  the  advantages  of  electrification  for 
railroad  service  over  steam,  irrespective  of  whether  alternating 
current  or  direct  current  is  utilized.  Electrification  with  either 
has  been  of  great  benefit  to  the  railroads,  the  traveling  public  and 
the  community  served. 

"There  is  still  difference  of  opinion  in  the  minds  of  prominent 
engineers  as  to  the  relative  merits  of  alternating  and  direct 
current  to  meet  the  varying  conditions  of  transportation  service 
in  the  United  States.  This  difference  is  far  less  important  than 
the  difference  between  either  and  steam  locomotives. 

"This  difference  of  opinion  exists  also  in  the  minds  of  engineers 
outside  of  this  country,  but  in  most  countries  where  this  problem 
has  arisen  it  has  been  met  nationally  and  a  national  solution 
arrived  at,  even  in  countries  where  railroads  were  owned  partly 
by  the  public  and  partly  by  the  State.  A  few  examples  will  be 
of  interest.  One  system  of  electrification  was  adopted  for  all 
France ;  namely,  direct  current,  and  the  French  are  proceeding  with 
the  work.  In  England,  also,  the  direct  current  has  been  adopted 
nationally.  In  Germany  and  Switzerland  alternating  current 
has  been  adopted  nationally.  One  would  naturally  expect  that 
the  different  nations  in  Europe  would  differ  in  their  solutions  of 
the  same  problem  because  of  their  traditional  differences  and 
diversity  of  interest.  Europe,  notwithstanding  the  tremendous 
difficulties  of  the  present  economic  situation,  is  proceeding  more 
rapidly  to  solve  the  problem  of  electrification  of  its  railroads  than 
we  in  the  United  States. 

"Today,  the  equipment  in  the  terminals  of  New  York  City  and 
Philadelphia  are  not  interchangeable,   although   both   operate 
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under  similar  conditions  in  congested  areas  of  great  wealth  on  our 
Atlantic  seaboard.  Just  as  in  this  country,  we  have  a  standard 
gauge  for  tracks,  standard  couplers,  standard  brakes,  so  as  to 
make  our  equipment  interchangeable,  so  it  is  to  be  hoped  that  a 
national  electrical  standard  will  be  adopted  with  all  its  attendant 
advantages,  allowing  us  to  mobilize  our  resources  for  the  greatest 
economic  development  of  this  country  in  peace  and  to  protect 
ourselves  most  effectively  in  war. 

"As  the  Secretary  of  Commerce  has  so  clearly  pointed  out,  one 
common  system  would  save  hundred  of  millions  of  dollars  in 
equipment  that  would  otherwise  be  wasted,  and  the  difficulties, 
cost  and  delays  of  interchange  would  be  greatly  decreased. 

"Standardization  will  also  affect  very  directly  the  use  of  the 
power  developed  by  the  large  interconnected  public  utility  com- 
panies— so-called  superpower — and  the  best  utilization  of  the 
power  developed  at  the  coal  mines  and  waterfalls  resulting  in  the 
greater  use  and  development  of  our  natural  resources. 

"Electrification  is  going  to  call  for  increased  capital  outlay,  and 
standardization  will  materially  reduce  the  amount  needed  and 
facilitate  the  raising  of  such  additional  capital : 

"First,  by  the  greater  use  of  the  power  developed  by  the  larger 
central  station  systems  throughout  the  United  States,  so  that  the 
railroads  will  obviate  the  large  investment  needed  for  power 
stations  running  into  millions  of  dollars,  and, 

"Second,  by  the  use,  if  desired,  of  car  trust  certificates  or  some 
similar  plan  to  finance  the  purchase  of  electric  locomotives,  which, 
being  interchangeable  for  all  roads,  will  be  much  more  easily 
and  cheaply  financed. 

"It  is  to  be  hoped  and  much  desired  that  the  railroad  executives, 
intrusted  as  they  are  with  the  custody  of  more  than  $25,000,000,- 
000  of  railroad  property,  owned  by  millions  of  people  through  the 
United  States,  and  used  by  many  more,  will  approach  this 
problem  from  a  national  and  American  standpoint,  in  order  to 
determine  the  best  standard  and  interchangeable  equipment  to 
meet  the  varying  conditions. 

"Personally  I  have  the  greatest  confidence  that  this  problem  will 
be  solved  as  the  railroad  problems  in  the  past  have  been  so  ably 
and  patriotically  solved.  To  that  end  I  am  happy  to  pledge  the 
assistance  of  the  great  organization  with  which  I  am  associated, 
irrespective  of  individual  opinion  and  solely  from  the  standpoint 
of  national  interest.     Whatever  system  is  adopted,  we  stand 
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ready  to  give  the  best  engineering  and  manufacturing  service  we 
can  render  to  the  railroads  of  America." 

Mr.  Herr's  address  was  as  follows: 

The  Future  of  Railway  Electrification 

"It  is  generally  recognized  that  adequate  and  efficient  rail 
transportation  is  the  prime  necessity  of  modern  civilization. 
Owing  to  the  extent  of  our  country  and  the  fact  that  we  have  no 
internal  water  routes  of  moment,  the  importance  of  rail  trans- 
portation here  is  accentuated  so  that  the  statement  as  to  its 
necessity  is  more  correct  with  us  than  in  Europe.  It  is,  therefore, 
of  the  utmost  importance  that  the  railroads  of  the  United  States 
keep  pace  with  the  requirements  of  the  future  growth  and 
development  of  our  country.  This  can  only  be  done  by  the  adop- 
tion and  proper  utilization  of  the  best  and  most  modern  machinery 
and  methods. 

"During  the  late  war  the  orderly  progress  of  the  railroads 
was  interrupted  and  owing  to  military  necessities,  government 
control  and  operation  not  only  halted  the  best  development  of  our 
transportation  systems  but  the  change  in  management  and 
resulting  disorganization  of  operation  caused  an  interruption  of 
progress  and  improvement  which  has  required  years  to  over- 
come, and  from  which  the  railroads  are  only  now  beginning  to 
emerge. 

"Public  sentiment,  long  antagonistic  to  railroads  and  their 
improvement  and  development,  has  now  changed,  and  a  spirit 
of  fairness  toward  the  railroads  and  recognition  of  the  great 
importance  of  good  transportation  for  the  best  development  of 
our  country  are  beginning  to  be  shown  by  the  public  generally. 

"The  membership  of  your  Association  are  in  an  admirable 
position  to  be  of  distinct  help  in  this  situation.  You  are,  by 
training,  by  your  contact  with  industry,  and  by  your  powers 
of  expression,  able  to  voice  a  correct  understanding  of  transpor- 
tation needs  and  their  effect  upon  our  civilization.  This  should 
be  your  duty  and  is  your  obligation  and  each  may  well  ask  what 
he  himself  is  doing,  for  it  is  only  through  enlightened  public 
opinion  that  progress  in  transportation  can  be  secured. 

"During  the  period  of  the  lag  in  railroad  progress  caused  by  the 
war,  other  methods  of  transportation  were  unduly  stimulated, 
bringing  self-propelled  vehicles  of  many  kinds  into  fields  of  trans- 
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portation  legitimately  belonging  to  the  railroads.  I  say  'other 
kinds  of  transportation'  were  unduly  stimulated  because  magni- 
ficent roads  were  furnished  vehicular  traffic  at  the  public's 
expense.  These  roads  are  also  maintained  for  the  free  use  of 
self-propelled  vehicles  practically  by  public  funds  since  only  a 
nominal  license  fee  is  charged.  This  will  not  continue  indefi- 
nitely and  when  an  adequate  charge  for  the  unusual  use  of  the 
public  highways  is  put  upon  these  vehicles,  many  will  find  it 
unprofitable  to  continue.  Transportation  by  heavy  trucks  has 
established  a  service,  however,  that  will  undoubtedly  have  to  be 
met  by  the  railroads.  The  truck  calls  at  the  shipper's  warehouse 
for  his  freight  and  delivers  it  to  the  warehouse  of  the  consignee, 
thus,  for  less  than  carload  shipment,  completing  the  transport  to 
ultimate  destination.  The  cost  of  handling  freight  from  the  cus- 
tomer's warehouse  to  the  railroad  terminal  by  the  present  unor- 
ganized method  is  a  very  large  proportion  of  the  cost  of  the  rail 
haul  itself  and  this  business  can  be  done  by  the  railroads,  thus 
securing  for  them  an  additional  source  of  revenue.  A  fleet  of 
trucks  at  each  terminal  of  a  railroad  would  enable  as  good  service 
to  be  given  by  the  railroads  and  if  combined  with  quick  train 
service  for  all  except  very  short  hauls  more  prompt  deliveries 
could  be  made  and  with  greater  economy.  All  of  this  may  be 
said  to  be  outside  the  scope  of  an  electrical  manufacturer,  but 
my  rather  long  railroad  service  in  former  years  must  be  my 
excuse.     And  now,  what  of  electricity  in  railroad  service? 

"Electric  locomotives  require  much  less  servicing,  will  work  as 
efficiently  in  tunnels,  subways,  sheds  or  other  enclosed  places  as 
in  the  open,  and  will  permit  of  a  much  quicker  and  more  efficient 
handling  of  cars  in  terminals  than  is  possible  with  steam.  Also,  if 
the  property  on  which  the  switching  and  terminal  tracks  are 
located  is  depressed,  it  can  be  used  for  buildings  almost  as  well  as 
if  the  terminal  did  not  exist.  In  any  event,  the  absence  of  steam, 
smoke,  gases  and  noise,  as  well  as  other  objectionable  features 
incident  to  steam  operation,  permits  of  the  location  of  such 
terminals  near  high-class  residence  or  business  property. 

"Again,  terminals  and  yards  in  large  cities  or  congested  places 
can  be  worked  so  much  more  efficiently  by  electric  operation  that 
much  space  can  be  saved  and  valuable  real  estate  reclaimed  for 
other  uses. 

"The  suburban  traffic  can  not  only  be  more  efficiently  handled 
by  electric  operation  but  the  service  rendered  becomes  much  more 
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agreeable  to  the  road's  patrons  and  can  generally  be  considerably- 
expanded  with  existing  track  facilities. 

"The  terminal  and  short  haul  traffic,  it  is  seen,  is  now  a  pressing 
and  urgent  matter  but  it  has  been  so  completely  and  satisfactorily 
worked  out  in  well-known  ways  that  it  presents  no  new  technical 
problems  to  either  the  engineer  or  the  electrical  manufacturer. 

"What  can  be  said  about  main  line  and  heavy  long  distance 
traffic?  In  this  field  while  the  amount  of  work  actually  done 
during  the  past  ten  years  has  not  kept  pace  with  the  electric 
power  development  in  the  lighting  and  industrial  fields,  steady 
and  continuous  technical  progress  has  been  made  and  engineers 
and  manufacturers  are  abundantly  prepared  to  carry  out  the 
most  ambitious  electrification  projects  promptly  and  with  assured 
results,  no  matter  what  the  engineering  requirements  may  be,  for 
there  have  been  numerous  examples  of  many  kinds  of  electrifica- 
tion, located  not  only  in  different  parts  of  this  country  but  all 
over  the  world.  No  system  has  been  found  impossible  of  success- 
ful results.  The  particular  system  to  be  adopted  in  any  special 
case  is  a  matter  of  engineering  study  and  determination ;  but 
when  determined,  there  is  more  than  one  thoroughly  competent 
manufacturing  company  ready  to  bid  on  and  execute  the  work. 

"It  is  interesting  to  review  briefly  the  railway  electrification 
work  already  done  in  the  world,  and  it  will  surprise  many  that  the 
United  States  is  not  the  leader  in  either  the  number  of  electric 
locomotives  in  service,  or  in  their  total  horsepower  capacity.  As 
tabulated  in  a  paper  by  Mr.  F.  H.  Shepard  before  the  American 
Railway  Association  at  Atlantic  City  June  13,  1924,  the  following 
summary  gives  a  picture  of  the  situation : 

"At  that  time  there  were  built  or  building  a  total  of  2351  electric 
locomotives  of  all  kinds  with  an  aggregate  horsepower  capacity  of 
4,259,148;  of  this  number  1446  locomotives  operated  on  alternat- 
ing current  and  905  on  direct  current,  the  aggregate  horsepower 
being  2,780,692  and  1,478,456  respectively.  Of  these  locomo- 
tives, 465  of  a  horsepower  of  862,596  were  on  the  railroads  of  the 
United  States,  but  this  was  exceeded  by  the  Italian  Railways  with 
504  locomotives  of  a  capacity  of  1,209,736  horsepower.  No  other 
country  has  as  many,  the  next  being  France  with  366  locomotives 
of  384,460  horsepower  capacity,  Germany  with  304  locomo- 
tives of  518,841  horsepower  and  Switzerland  with  214  loco- 
motives of  384,152  horsepower.  No  other  country  has  as 
many  as  150  electric  locomotives  in  service. 
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"A  recent  engineering  achievement  is  the  development  of  an 
electric  locomotive  which,  in  connection  with  a  high  tension  alter- 
nating-current contact  wire,  permits  the  choice  on  the  locomotive  of 
either  single-phase  or  three-phase  alternating-current,  or  direct- 
current  motors  of  any  voltage  desired.  Thus  a  very  long  step 
has  been  taken  toward  a  standard  or  at  least  uniform  system  of 
contact  wire  which  enables  those  railroads  using  it  freely  to  inter- 
change traffic  with  locomotives  of  several  different  kinds. 

"The  rapid  development  of  the  so-called  'Superpower  System' 
of  interconnecting  electric  power  plants  is  working  to  the  advan- 
tage of  the  railroads  as  this  plan  makes  available  an  abundant 
supply  of  reliable  electric  power  at  many  different  points  and  will 
enable  a  railroad  to  be  electrified  without  the  necessity  for  the 
very  large  investment  for  power  house  and  machinery  otherwise 
required.  The  Superpower  System  will  also  bring  to  the  rail- 
roads an  amount  of  power  and  a  safeguard  by  means  of  inter- 
connection with  other  power  houses  that  would  not  be  possible  for 
any  one  company  to  provide  with  any  reasonable  expenditure. 

"The  engineering  requirements  for  electrification,  it  is  seen,  are 
very  well  provided  and  there  need  be  no  hesitancy  in  proceeding 
with  large  plans  for  electrification  on  this  account. 

"What  are  the  future  requirements  of  our  raOroads,  broadly 
considered? 

"During  the  past  ten  years  little,  if  any,  expansion  of  our 
railroad  mileage  has  been  made.  The  financial  resources  of  the 
country  were  required  for  war  purposes,  and  after  the  war  for  a 
rehabilitation  of  our  financial  structure,  and  it  is  only  recently 
that  serious  attention  has  been  directed  toward  the  necessity  for 
developing  our  railroad  systems. 

"Much  progress  has  been  made  by  the  railroads  during  the  past 
two  years  in  improved  efficiency  and  this  has  so  well  provided  for 
current  needs  of  business  that  the  inevitable  expansion  and  growth 
of  our  railroad  facilities  is  to  some  extent  masked  by  the  better 
service  rendered  possible  by  the  increase  in  efficiency.  There  is, 
however,  a  distinct  limit  to  the  possibilities  of  improvement 
along  this  line  and  we  must  look  forward  to  a  broader 
development  of  railroad  facilities  in  the  very  near  future. 

"All  those  of  us  engaged  in  industrial  work  have  very  vivid 
recollections  of  the  paralyzing  results  of  the  car  shortages  in  1912 
and  1913  and  during  the  many  other  similar  periods  in  our  indus- 
trial history.     This  situation  is  better  today  only  because  of  the 
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remarkable  improvement  in  the  operating  efficiency  of  the  rail- 
roads and  the  fact  that  the  volume  of  traffic  today  is  not  up  to  the 
full  requirements  of  industrial  prosperity,  but  it  is  not  only  car 
shortage  that  causes  serious  deficiency  in  satisfactory  railroad 
freight  movement.  It  is  because  railroads  become  congested 
due  to  the  inadequacy  of  their  terminals,  and  it  is  in  the  improve- 
ment in  such  terminal  facilities  that  much  relief  in  the  movement 
of  traffic  can  be  obtained. 

"There  is  ample  evidence  of  the  value  of  the  electric  locomotive 
in  switching  service.  In  a  recent  article  by  Mr.  Herbert  Quick, 
published  in  'The  Annals  of  the  American  Academy  of  Political 
and  Social  Science'  for  the  month  of  March,  he  states: 

'"The  New  York,  New  Haven  &  Hartford  Railroad  recently 
put  into  service  sixteen  electric  switchers,  operating  in  the  crowded 
terminals  of  New  York  City  and  vicinity  and  through  the  dense 
industrial  belt  of  New  England,  which  faces  a  most  acute  terminal 
crisis  whenever  business  gets  good.  These  electric  switchers  on 
many  occasions  have  run  twenty-four  hours  a  day  for  thirty 
days  without  interruption  and  so  efficient  is  their  service  that  six 
electric  switchers  take  the  place  of  ten  steam  switch  engines. 

'"On  the  Philadelphia,  Paoli  and  Chestnut  Hill  Electrified 
Division  of  the  Pennsylvania  Railroad  the  schedule  is  made  with 
such  regularity  as  to  record  10,000  train-miles  to  every  detention. 
This  is  substantiated  also  by  the  record  of  the  33  electric  locomo- 
tives handling  passenger  traffic  in  and  out  of  the  Pennsylvania 
Terminal  at  New  York  for  fifteen  years.  They  have  made  1 1,456 
miles  for  every  minute  of  detention,  including  electrical, 
mechanical  and  man  facilities.' 

"Electric  railways  have  been  in  successful  operation  for  upwards 
of  twenty  years,  during  which  time  the  cost  of  production  of 
electricity  has  steadily  decreased  and  the  reliability  with  which 
it  can  be  handled  and  its  availability  to  railroads  has  constantly 
been  improved. 

"Here,  therefore,  is  a  means  by  which  the  capacity  of  the 
railroad  can  be  increased  with  a  minimum  expenditure  by  it 
and  at  the  same  time  its  efficiency  very  materially  improved. 
In  addition,  by  saving  the  transport  of  much  of  the  coal  now  used 
on  locomotives,  for  the  Superpower  Stations  will  be  either  hydrau- 
lic or  so  located  as  to  necessitate  the  minimum  transport  of  fuel, 
the  actual  capacity  of  the  railroad  as  a  transportation  medium 
is  increased  for  revenue  freight  of  other  kinds. 
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"Again,  with  electric  power,  the  trunk  Hne  railroads  can  concen- 
trate much  larger  amounts  of  power  in  each  train  than  is  possible 
with  steam  locomotives  on  account  of  the  limitation  of  the 
steam  locomotive  boilers.  This  concentration  of  power  in 
main  line  traffic  means  larger  trains  and  higher  speed,  or  both, 
if  necessity  requires,  and  almost  without  limitation. 

"Great  railroad  arteries  of  traffic  handling  main  line  commerce 
between  our  great  cities  are  really  wholesalers  of  transportation 
and,  therefore,  have  a  problem  differing  both  in  kind  and  quan- 
tity from  the  smaller  lines  engaged  more  generally  with  local 
traffic.  Electrification  becomes  more  and  more  important  as 
the  volume  and  concentration  of  traffic  increases  and  it  is, 
therefore,  these  heavily  loaded  main  lines  which  can  most 
advantageously  study  this  problem. 

"Is  it  not,  therefore,  clear  that  the  time  has  arrived  to  expand 
the  use  of  this  wonderful  force  of  electricity  in  developing  and 
improving  our  railroad  service?  In  no  other  way  can  so  great 
results  be  attained  per  dollar  expended. 

"It  may  be  said  that  any  broad  program  of  electrification 
would  require  a  very  large  expenditure  of  money.  So  it  would, 
but  money  so  expended,  of  course  with  careful  discrimination, 
would  return  splendid  dividends  to  its  far-sighted  investors  and 
at  the  same  time  give  to  our  country  a  service  without  which  all 
industry  will  languish  and  fail. 

"I  will  conclude  as  I  began  with  the  statement  that  adequate 
and  efficient  transportation  is  the  prime  necessity  of  modern  civi- 
lization. The  age  of  electricity  is  supplanting  steam  as  a  direct 
producer  of  power,  and  railroads  are  no  exception  to  this  rule." 

The  electrical  profession  and  railroad  management  have 
good  reason,  indeed,  to  be  encouraged  by  these  sympathetic 
expressions  of  opinion  on  the  part  of  these  two  leaders  in 
their  chosen  field  of  endeavor.  Convergence  rather  than 
divergence  of  action  marks  the  synthetic  conclusion  of  these 
two  papers.  Mr.  Hoover's  voice  was  also  heard  in  the 
meeting,  and  tersely,  as  usual,  he  supplied  the  logical 
cement  with  which  Mr.  Swope's  and  Mr.  Herr's  papers  can 
be  bonded.     Mr.  Hoover  said: 

"  It  would  give  me  real  satisfaction  if  I  were  present  with  you 
tonight  to  participate  in  your  discussion  of  this  problem  of  such 
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profound  public  importance.  I  consider  it  of  highest  significance, 
that  leaders  representative  of  the  railroads,  electrical  manufac- 
turers, electric  power  industry,  and  our  engineering  societies, 
in  a  spirit  of  public  service,  are  co-operating  to  lay  sound  basic 
plans  for  electrification  of  our  railroads  and  terminals. 

"The  people  of  the  nation  have  a  great  and  vital  interest  in 
this.  Such  plans,  if  wisely  laid,  will  considerably  shorten  the 
time  until  benefits  of  increase  in  transportation  facilities  from 
electrification  can  be  enjoyed.  Standardization,  at  least,  in 
fundamentals,  will  facilitate  the  development  of  a  co-ordinated 
electrified  transportation  system  which  will  give  maximum  of 
service  with  best  utilization  of  capital  and  labor.  Failure  to 
accomplish  this  preliminary  standardization  will  result  in  enor- 
mous losses,  which  must  reflect  themselves  in  larger  cost  for 
transportation  and  in  a  reduced  quality  of  service  over  what  may 
be  expected.  Standardization  of  electric  transportation  equip- 
ment within  the  limits  of  agreement  of  a  sufficient  number  of 
capable  engineers  will  insure  interchangeability  of  equipment 
between  roads  with  consequent  better  utilization  of  locomotives 
and  equipment.  It  will  lower  cost  of  manufacture  of  equipment, 
and  reduce  repair  stocks.  Simplification  of  standards  will 
greatly  enhance  the  efficiency  of  operation,  since  there  will 
develop  a  uniformly  trained  group  of  railroad  workers  familiar 
with  the  standardized  types  of  equipment.  Uniformity  in 
voltages,  frequency,  and  other  electrical  characteristics  will 
permit  of  much  more  effective  application  of  electric  power. 
These  are  only  a  few  of  the  benefits. 

"This  standardization  is  important  not  only  because  of  the 
benefits  it  will  return  but  for  the  large  losses  it  will  prevent. 
We  have  here  an  opportunity  to  forestall  waste.  There  is  a  much 
more  satisfactory  and  constructive  method  than  to  undergo  the 
slow  and  tedious  process  of  elimination  of  wastes  once  they  have 
rooted  themselves  in  an  enormous  industry.  Failure  to  provide 
standards  at  this  time  will  result  in  the  adoption  of  a  large  variety 
of  equipment  which  will  later  have  to  be  brought  into  co-ordina- 
tion with  consequent  waste  of  millions  of  dollars. 

"It  is  important  that  correlation  of  the  electric  light  and 
power  groups  should  be  accomplished,  to  the  end  that  electric 
energy  may  be  brought  to  the  railroads  for  electrification  in 
sufficient  quantity  and  with  insurance  of  absolutely  reliable 
service.     Development    of   interconnected    central   station  dis- 
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tributing  systems,  covering  wide  areas,  makes  possible  a  maxi- 
mum utilization  of  our  fuel  and  water  resources  and  provides 
a  pool  of  energy  necessary  for  the  electrification  of  transportation. 
Thus,  the  interlinkage  between  the  railroads  and  the  electric 
light  and  power  industry,  two  of  our  great  public  utihties,  will 
increase.  The  development  of  electrified  transportation  and 
the  electric  light  and  power  industry  should  take  place  with  the 
closest  of  co-ordination  between  them. 

"The  successful  accomplishment  of  the  degree  of  standardiza- 
tion which  can  now  be  properly  undertaken  is  a  goal  worthy  of 
your  best  efforts.  In  the  accomplishment  of  this,  you  will  have 
rendered  a  public  service  of  immeasurable  value,  saving  enormous 
wastes,  and  giving  great  impetus  toward  electrification  of  our 
transportation. " 

I  feel,  therefore,  that  no  apology  must  be  on  the  tip  of 
my  pen  in  closing  this  long  chapter  on  Railroad  Electri- 
fication in  a  book  entitled  ''Superpower."  Electric  power 
finds  its  markets  in  turning  the  wheels  of  industry.  What 
greater  industry  can  there  be  than  in  the  manufacture  of 
transportation? 

Finally,  20  years  of  intimate  association  with  railroad 
electrification  finds  me  in  no  mood  to  slight  the  subject. 


CHAPTER  VIII 
SUPERPOWER  AND  INTERSTATE  RELATIONS 

The  success  of  a  superpower  system  depends  upon  free 
interstate  exchange  of  power,  and  involves  questions  of 
State  rights  and  intrastate  control  which  must  be  co-ordi- 
nated for  the  common  good. 

Many  years  ago,  in  a  period  of  international  unrest,  a 
50-foot  neutral  strip  was  ruthlessly  cleared  of  timber  along 
the  United  States-Canadian  boundary. 

Nature  has  partly  healed  this  gap  by  "second  growth," 
but  the  engineer  has  spanned  it,  not  with  the  barbed  wire 
of  no-man's  land,  but  by  transmission  wires  of  power  lines 
which  interchange  electric  service  for  the  benefit  of  the 
people  of  both  countries. 

I  am  sure  public  sentiment  will  not  tolerate  State  legis- 
lation which  prohibits  such  free  interchange  of  power 
service  between  the  various  States  of  our  Union. 

As  the  1921  Superpower  Survey  included  all  or  portions 
of  Maine,  New  Hampshire,  Vermont,  Massachusetts,  Rhode 
Island,  Connecticut,  New  York,  New  Jersey,  Pennsylvania, 
Maryland,  and  the  District  of  Columbia,  the  political 
attitude  of  these  states  towards  the  co-ordination  of  power 
supply  is  important.  At  the  present  time  (June,  1925) 
Maine  has  a  law  in  force  forbidding  the  export  of  power. 
The  position  of  New  York  and  Pennsylvania  can  be  judged 
in  part  by  the  attitude  of  their  present  chief  executives  as 
expressed  in  public  utterances  and  in  print. 

Governor  Pinchot  of  Pennsylvania,  in  his  address  before 
the  National  Electric  Light  Association  at  Atlantic  City 
in  1923,  favored  the  plans  for  a  "giant"  power  system  and 
the  interchange  of  power  between  states.  The  State  of 
Pennsylvania,  at  his  suggestion,  has,  by  Act,  created  a 
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Giant  Power  Survey  Board,  the  purpose  of  which,  to  quote 
from  the  Act,  is  to  study 

".  .  ,  the  water  and  fuel  resources  available  in  Pennsylvania 
.  .  .  the  most  practical  means  for  their  full  utilization  for  power 
development  and  other  related  uses;  to  recommend  such  policy 
with  respect  to  the  generation  and  distribution  of  electric  energy 
as  will  secure  for  the  industries,  railroads,  farms  and  homes  of 
the  Commonwealth  an  abundant  and  cheap  supply  of  electric 
current  for  industrial,  transportation,  agricultural  and  domestic 
use;  the  practicability  of  the  establishment  of  giant  power  plants 
near  coal  mines ;  the  saving  and  the  utilization  of  the  by-products 
of  coal;  the  transmission  and  distribution  of  electric  energy 
throughout  the  Commonwealth;  the  electrification  of  rail- 
roads; the  generation  of  electrical  energy  by  water  power;  and  the 
co-ordination  of  water  power  and  fuel  power  development  with 
the  regulation  of  rivers  by  storage  for  water  supply,  transporta- 
tion, public  health,  recreation  and  other  beneficial  uses. " 

Further  on  in  the  Act  the  Giant  Power  Survey  Board, 
which  is  to  direct  the  work,  is  charged 

" .  .  .  to  keep  in  view  the  mutual  interest  of  this  Commonwealth 
and  other  States  and  to  outline  plans  for  the  interchange  of 
electrical  energy  with  all  other  states  within  the  practicable 
transmission  distance." 

Governor  Pinchot  said: 

"  As  Pennsylvania  with  her  huge  fuel  resources  and  intensive 
industrial  development  appears  to  be  the  heart  of  the  Giant  Power 
System — at  least  for  the  northeastern  section  of  the  country — it 
is  well  to  have  her  attitude  toward  sister  and  neighbor  states 
thus  clearly  stated." 

Governor  Smith  of  New  York,  in  his  discussion  with  the 
Governor  of  Pennsylvania  regarding  the  free  flow  of  power 
across  state  boundaries,  in  my  opinion,  takes  a  foreshortened 
view  in  respect  to  the  interests  of  citizens  of  New  York 
State,  and  shows  a  grave  lack  of  appreciation  of  the  co- 
ordinated value  of  the  power  resources  of  the  two  States. 

It  is  surprising  he  has  overlooked  the  fact  that  the  water 
power  of  his  State  is  limited  and  sadly  limited  when  com- 
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pared  with  the  power  that  can  be  produced  in  Pennsylvania 
from  coal. 

The  St.  Lawrence  River  comes  under  direct  Federal 
control  as  a  navigable  river  and,  like  Niagara,  its  power 
development  is  subject  to  restrictions  of  existing  and  future 
international  treaties. 

The  people  of  this  country,  in  the  face  of  the  marvelous 
progress  that  can  be  made  in  industry  and  transportation 
through  free  and  adequate  power  flow,  will  view  the 
matter  from  a  national  standpoint  and  show  no  patience 
with  political  discussions  and  restrictive  legislation. 

The  Survey  Graphic  of  March,  1924,  presents  an  article 
by  Mr.  William  Hard  after  his  interview  with  Secretary 
Hoover.     In  part  it  says: 

"  It  is  true  that  the  States  differ  among  themselves  in  methods 
of  regulation.  It  is  true  that  harmonious  action  between  States 
in  the  matter  of  regulation,  as  well  as  harmonious  action  between 
States  in  the  matter  of  the  use  of  river  flowage  and  in  the  matter 
of  exporting  and  importing  of  power  across  State  lines  and  in  the 
matter  of  the  taxation  of  power,  may  become  increasingly 
necessary,  through  interstate  treaties  or  through  uniform  State 
statutes,  in  proportion  as  technical  improvements  produce  new 
and  enlarged  possibilities  in  central  generation  and  in  intercon- 
nected long  distance  transmission.  It  is  also  true,  however  (it 
is  believed),  that  if  our  thirteen  original  States  could  unite  of 
their  own  free  will  in  the  making  of  the  Constitution  it  will  be 
possible  for  groups  of  States  to  unite  in  the  reaching  of  under- 
standings about  the  single  subject  of  electric  power  without 
calling  upon  the  Federal  Government  to  intervene  in  details 
which  at  this  moment  require  decisions  not  country-wide  but 
only  regional. 

"Three  functions  indeed  for  the  Federal  Government  are  dis- 
closed by  its  positive  power  over  navigable  streams,  by  its 
negative  power  over  interstate  agreements  and  by  its  superior 
strength  in  the  obtaining  of  financial  investment  credit. 

"As  the  immediate  sovereign  over  all  navigable  territorial 
waters  of  the  United  States,  whether  those  waters  lie  along  the 
sea  coast  or  extend  inward  into  the  territories  of  the  several 
States  of  the  Union,  the  Federal  Government  is  obhged  to  under- 
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take  the  responsibility  of  permitting  or  of  preventing  the  erec- 
tion of  dams  and  of  accompanying  power  plants  in  streams  to 
which  the  attribute  of  navigability  is  conceded  by  the  facts  or, 
at  any  rate,  by  the  courts.  With  this  responsibility  there  comes 
naturally  the  further  responsibility  of  seeing  to  it  that  such 
dams  and  such  accompanying  power  plants  are  erected  in 
harmony  with  the  general  public  interest  and  in  harmony 
accordingly  with  some  reasonably  comprehensive  plan  of  ultimate 
complete  'giant  power'  development. 

"The  second  Federal  function  here  indicated  springs  from 
Article  1,  Section  10,  Clause  2,  of  the  Constitution,  wherein 
it  is  stated  that  'No  State  shall,  without  the  consent  of  Congress, 
enter  into  any  agreement  or  compact  with  another  State.' 
Interstate  agreements,  therefore,  in  the  matter  of  electric  power 
cannot  come  into  binding  force  without  Federal  permission; 
and  it  would  seem  to  follow  that  this  permission  should  not  be 
granted  unless  the  agreements  in  question  conduce  to  the  public 
welfare  by  being  in  harmony  with  a  well-considered  electric  power 
development  program. 

"Mr.  Hoover's  work  as  chairman  of  the  Colorado  River 
Commission  has  been  an  illustration  of  the  constitutional  neces- 
sity which  rests  upon  the  Federal  Government  in  the  sanctioning, 
and,  therefore,  in  some  degree  in  the  supervising  and  molding,  of 
agreements  between  States  for  any  purpose,  including  the  purpose 
of  the  utilization  of  river  flowage  whether  for  irrigation  or  for  the 
manufacture  of  electricity. 

"These  first  two  functions  of  the  Federal  Government  in  relation 
to  'giant  power'  development  are  necessitated  directly  or 
indirectly  by  the  Constitution  itself.  The  third  function  would 
be  purely  voluntary. 

"The  growing  interconnection  of  existing  power  systems,  and 
their  reinforcement  with  large  centralized  production  units  will 
serve  further  to  assure  to  the  productive  industries  a  stability  of 
their  power  to  a  degree  of  importance  that  can  be  compared  to  the 
relation  of  our  Federal  Reserve  System  in  the  stabilizing  of  credit, 

"  'Interconnection'  and  'central  generation' — these  two 
ideas  are  for  Mr.  Hoover  the  pivots  of  the  idea  of  giant  power;  and 
to  make  those  pivots  operate  there  has  to  be  a  great  deal  of  polit- 
ical interconnection  between  local  communities  and  between 
States  and  there  has  to  be,  by  one  device  or  another,  a  great  deal 
of  centralized  political  planning. 
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"In  the  southwest,  where  seven  States  were  contending  over  the 
utilization  of  the  water  of  the  Colorado  River,  Mr.  Hoover 
favored  and  negotiated  the  seven-state  treaty,  which  now  has 
been  ratified  by  all  the  States  concerned  except  Arizona. 

"Six  States — California,  Nevada,  Utah,  Wyoming,  Colorado  and 
New  Mexico — have  ratified  it.  Arizona  has  hesitated  in  view  of 
a  provision  which  gives  to  agriculture  a  priority  over  power  pro- 
duction in  the  use  of  the  Colorado  River  flow.  Interests 
in  Arizona  feel  that  for  Arizona  the  matter  of  power  production 
is  more  important  than  the  matter  of  agriculture.  Thus  one 
State  might  check  the  full  consummation  of  a  great  regional 
project." 

Quoting  from  Mr.  Hoover's  address  broadcast  from 
Washington  to  the  Convention  of  the  National  Electric 
Light  Association,  Atlantic  City,  May  21,  1924,  and  to  a 
radio  audience  of  over  five  million: 

"Federal  regulation  is  not  the  road  to  solution  of  these  problems 
of  interstate  movement  of  power.  I  would  regard  any  Federal 
regulation  such  as  has  been  found  necessary  in  transportation  as 
a  disaster  to  the  development  of  our  power  resources. 

"I  believe  that  power  development  and  distribution  would  find 
its  greatest  solution  in  co-ordinated  states  regulations  among 
groups  of  states  perhaps  with  voluntary  assistance  from  the  Fed- 
eral Government  in  securing  this  co-ordination.  We  need  inter- 
connection between  state  utility  commissions  where  conflicting 
questions  arise. 

"Under  the  Federal  Power  Commission  we  have  undertaken  to 
secure  the  development  of  these  great  sources  of  power  through 
private  initiative  under  terms  providing  for  the  protection  of 
the  public  and  recovering  to  the  Government  the  right  at  the  end 
of  fifty  years  to  resume  ownership. 

"There  are,  however,  special  surroundings  to  a  few  of  our  great 
water  powers  which  will  require  special  action  from  a  govern- 
mental point  of  view. 

"But  I  have  no  taste  for  Federal  Government  operation  and 
distribution  of  power.  We  shall  be  able  to  protect  the  public 
interest  through  the  terms  of  lease  or  through  the  regulatory 
powers  of  our  state  commissions." 


CHAPTER  IX 

SUPERPOWER    AND     THE    INTERSTATE     COMMERCE 
COMMISSION 

It  has  been  said  that  government  was  intended  to  regu- 
late— not  own — ^business.  It  can  also  be  said  that  if  gov- 
ernment tries  to  do  too  much  regulating,  the  situation  can 
be  made  worse  than  were  the  government  the  owner. 

On  every  steam-turbine  generator  there  is  a  rather 
inconspicuous  attachment  known  as  the  "governor."  It 
may  represent  only  a  hundredth  part  of  the  cost  of  the 
power-generating  machinery,  and  yet  all  the  apparatus  in 
a  central  electric  power  station  (some  of  these  stations 
costing  $30,000,000)  would  be  useless  unless  that  governor 
during  every  second  of  its  operation  were  perfectly  in  con- 
trol of  the  electric  energy  emanating  from  such  a  plant. 

Fire  under  the  boilers  converts  water  into  steam,  the 
steam  is  conducted  through  piping  to  the  turbine,  and,  the 
governor  once  set,  then  takes  no  further  orders  from  man. 
From  then  on,  its  operation  is  in  a  field  free  from  social  or 
political  intrigue.  It  represents  a  mechanical  contract 
between  the  governor  and  the  load,  the  load  being  the  instan- 
taneous horsepower  demand  upon  the  turbine  resulting 
from  the  simultaneous  electrical  demand  upon  the  gener- 
ator to  which  the  turbine  is  directly  connected.  Let  us 
follow  the  process  a  point  further.  A  100-horsepower 
motor  in  a  factory  to  which  the  electrical  lines  from  the 
generator  are  connected  is  started  up.  At  that  instant, 
were  our  vision  sufficiently  accurate  to  detect  it,  we  would 
see  the  turbine  slow  down  (it  were  better  to  say  ''tend"  to 
slow  down) — but  that  very  act  causes  the  governor  to  actu- 
ate certain  apparatus  within  it  which  causes  the  admission 
of  a  sufficiently  greater  amount  of  steam  (power)  to  the  tur- 
bine so  that  its  speed  is  not  allowed  to  drop  (that  is,  to  all 
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practical  purposes).  Thus,  the  governor,  with  its  mechani- 
cal thoughts  concentrated  on  nothing  other  than  the  power 
demand  throughout  the  range  from  minimum  to  maximum 
load,  and  using  its  turbine  as  a  clearing  house,  constantly 
keeps  an  equation  between  the  steam  produced  by  the 
boilers  and  the  electrical  energy  output  by  the  generator. 

Here,  therefore,  we  see  perfect  control  at  minimum  cost — 
minimum,  because  the  cost  is  represented  only  in  the 
annual  fixed  charges  and  mechanical  repairs  necessary  to 
the  governor,  the  total  of  which  is  so  small  that  it  may  be 
neglected  in  the  annual  operating  cost  of  the  whole  power 
station. 

If  we  can  secure  so  marvelous  a  regulation  in  the  mechani- 
cal-electrical production  of  power,  perhaps  it  may  be  pos- 
sible to  secure  one  at  least  of  like  order  in  the  regulation 
of  the  rates  to  be  paid  for  that  power.  Undoubtedly,  man 
transcends  the  governor  he  has  produced  when  he,  himself, 
is  reviewed  as  a  piece  of  mechanical  apparatus,  yet  the 
anomaly  exists  that  he  can  make  parts  better  than  his  own. 
It  is  in  the  machine,  made  up  of  human  rather  than  mechani- 
cal elements,  where  failure  lurks.  ''To  err  is  human,  to 
forgive  divine" — there  is  no  more  beautiful  sentiment  than 
this,  but  it  is  one  that  should  be  reduced  to  a  strict  mini- 
mum when  applied  to  business.  The  governor  in  the 
clearing  house,  functioning  in  the  relations  between  electric 
utility  investment  and  rate  structures,  is  human  and  will 
continue  to  be  human.  If  we  are  to  make  a  success  out  of 
it,  like  the  mechanical  governor,  we  must  rob  it  of  every 
possible  element  in  which  may  lurk  human  error.  In  so 
doing,  we  approach — if  not  the  mechanical  regulator — then 
at  least  one  of  automatic  character. 

The  period  since  the  Civil  War  has  been  sharply  charac- 
terized by  the  increase  of  the  centralized  power  of  the 
Federal  Government  at  the  expense  of  the  power  of  the 
States  to  function  in  those  matters  heretofore  assumed  to 
be  adequately  handled  by  the  State.  This  growth  of  the 
centralized  power  has  been  insidious.  The  growth  of  over- 
lapping bureaus  at  Washington  has  been  silent,  but  over- 
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whelming.  The  people  have  come  to  realize  the  extent 
and  danger  of  this  process  only  within  the  last  few  years. 
The  whole  question  whether  such  growth  is  salutary  or 
inherently  dangerous  to  our  institutions  is  fundamental. 
Such  continued  growth  may  strike  at  the  very  foundation 
of  our  democracy.  The  lasting  success  of  a  democratic 
form  of  government  is  based  upon  the  perpetual  mainte- 
nance of  a  power  balance  between  the  organized,  powerful, 
central  government  performing  the  function  necessary  for 
the  Federal  states  and  the  continued  existence  of  local  power 
and  control,  wherein  the  States  shall  represent  fully  and 
effectively  the  democratic  principle  of  self-government. 

The  warning  of  John  Fiske  may  well  be  reproduced  here. 
He  spent  much  of  his  life  in  studying  the  foundations  of 
democratic  government.  The  words  he  used  in  respect 
to  overcentralization  ring  in  our  ears  with  prophetic  signifi- 
cance. They  are  found  in  his  book,  ''The  Beginnings  of 
New  England:" 

"The  essential  vice  of  the  Roman  system  was  that  it  had  been 
unable  to  avoid  weakening  the  spirit  of  personal  independence 
and  crushing  out  local  self-government  among  the  people  to  whom 
it  had  been  applied.  It  owed  its  wonderful  success  to  joining 
Liberty  with  Union,  but  as  it  went  on  it  found  itself  compelled 
gradually  to  sacrifice  Liberty  to  Union,  strengthening  the  hands 
of  the  central  government  and  enlarging  its  functions  more  and 
more  until  by  and  by  the  political  life  of  the  several  parts  had  so 
far  died  away  that,  under  the  pressure  of  attack  from  without, 
the  Union  fell  to  pieces  and  the  whole  political  system  had  to  be 
slowly  and  painfully  reconstructed   .    .    . 

"At  the  same  time  the  administration  of  the  empire  became 
more  and  more  centralized;  the  people  of  its  various  provinces, 
even  while  their  social  condition  was  in  some  respects  improved, 
had  less  and  less  voice  in  the  management  of  their  local 
affairs,  and  thus  the  spirit  of  personal  independence  was  gradually 
weakened   .    .    . 

"Until  the  idea  of  power  delegated  by  the  people  had  become 
familiar  to  men's  minds  in  its  practical  bearings,  it  was  impossible 
to  create  a  great  nation  without  crushing  out  the  political  life 
of  some  of  its  parts.     Some  center  of  power  was  sure  to  absorb 
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all  the  political  life,  and  grow  at  the  expense  of  the  outlying  parts, 
until  the  result  was  a  centralized  despotism. 

''Our  experience  has  now  so  far  widened  that  we  can  see  that 
despotism  is  not  the  strongest  but  well-nigh  the  weakest  form  of 
government;  that  centralized  administrations  like  that  of  the 
Roman  Empire  have  fallen  to  pieces,  not  because  of  too  much 
but  because  of  too  little  freedom;  and  that  the  only  perdurable 
government  must  be  that  which  succeeds  in  achieving  national 
unity  on  a  grand  scale,  without  weakening  the  sense  of  personal 
and  local  independence." 

It  is  well  also  here  to  quote  the  words  of  Elihu  Root  on 
this  same  subject.^ 

"Are  we  to  reform  our  constitutional  system  so  as  to  put  in 
Federal  hands  the  control  of  all  the  business  that  passes  overstate 
lines?  If  we  do,  where  is  our  local  self-government?  If  we  do, 
how  is  the  central  Government  at  Washington  going  to  be  able 
to  discharge  the  duties  that  will  be  imposed  upon  it?  Already 
the  administration,  already  the  judicial  power,  already  the 
legislative  branches  of  our  Government,  are  driven  to  the  limit 
of  their  power  to  deal  intelligently  with  the  subjects  that  are 
before  them.  This  country  is  too  great,  its  population  too 
numerous,  its  interests  too  vast,  and  complicated  already,  to 
say  nothing  of  the  enormous  increase  that  we  can  see  before  us 
in  the  future,  to  be  governed  as  to  the  great  range  of  our  daily 
affairs,  from  one  central  power  in  Washington.  After  all,  the 
ultimate  object  of  all  government  is  the  home,  the  home  where  our 
people  live,  and  rear  their  children,  with  its  individual  independ- 
ence, its  freedom,  and  I  am  not  willing,  for  the  sake  of  facilitating 
transaction  of  any  kind  of  business,  to  overturn  limitations  that 
have  been  set  by  the  Constitution — wisely  set — between  the 
powers  of  the  National  and  State  Governments. 

"Great  is  our  nation.  Let  it  exercise  its  constitutional  powers 
to  the  fullest  limit,  but  do  not  let  us  in  our  anxiety  for  efficiency 
cast  away,  break  down,  reject,  those  limits  which  save  to  us  the 
control  of  our  homes,  of  our  own  domestic  affairs,  and  of  our  own 
local  government.  For  these,  in  the  last  analysis,  under  the 
protecting  power  of  our  great  nation,  there  must  be  formed  the 

1  "Addresses  on  Government  and  Citizenship,"  pp.,  377-378,  Harvard 
University  Press,  1916. 
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character  of  free,  independent,  liberty-loving  citizens,  upon  whom 
our  Republic  must  depend  for  its  perpetuity.  " 

It  is  my  belief  that  in  matters  pertaining  to  public  regula- 
tion the  more  we  confine  that  regulation  to  the  States, 
rather  than  impose  it  upon  the  Federal  Government,  the 
purer  becomes  the  atmosphere  for  real  administration  in 
matters  pertaining  to  the  sovereign  rights  of  our  states. 
After  all,  the  States  were  banded  together  purely  as  a  con- 
solidation against  the  common  enemy.  We  call  ourselves 
a  "Union,"  and  we  are  certainly  that — but,  in  my  opinion, 
the  test  and  the  measure  of  that  Union  are  best  demon- 
strated when  the  relation  between  adjoining  States  is  shown 
to  be  a  happy  one,  and  it  is  my  belief  that  this  state  of  affairs 
can  be  attained  and  sustained  in  following  paths  that  lead 
from  the  capital  of  one  State  to  the  capital  of  another. 
The  introduction  of  the  triangular  route  which  includes 
Washington  should  be  the  exception  rather  than  the  rule. 

The  electric  industry  has  now  been  serving  the  American 
public  for  over  40  years.  It  stands  next  to  the  railroads 
in  the  matter  of  capital  investment.  It  is  but  a  question 
of  time  when  in  this  regard  it  will  take  first  place. 

Our  public  utilities  never  have  been  wholly  free  from 
agitation  for  political  or  Government  ownership.  The 
electric  industry  has  proved  no  exception.  Often  such 
agitation  may  be  ascribed  to  a  sincere  belief  in  Government 
ownership  and  operation  in  every  form  of  productive 
wealth,  yet  undoubtedly,  in  other  places,  this  agitation 
can  be  ascribed  only  to  political  motives  far  removed  from 
those  of  enlightened  and  unselfish  statesmanship.  For- 
tunately, the  poisonous  ideas  promulgated  have  been 
exposed  by  analysis  of  the  fallacious  economic  data  on  which 
they  were  based,  and  thus,  to  date,  no  breach  of  conse- 
quence has  been  made  in  the  bulwark  constructed  by  the 
sound  sense  of  the  American  public. 

To  put  into  practice  some  of  the  recommendations  that 
have  been  made  before  the  Congress  of  the  United  States 
would  be  to  deal  a  direct  blow  to  the  Declaration  of  Inde- 
pendence, which  reads  that  we  shall  have  the  right  of  life. 
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liberty,  and  the  pursuit  of  happiness.  To  adopt  such 
recommendations,  in  my  opinion,  would  be  to  sacrifice 
on  an  un-American  altar  our  future  progress. 

Let  us  not,  however,  for  a  moment  underrate  the  insidious 
attacks  that  have  been  made  upon  them,  nor  the  next  move 
that  this  class  may  inaugurate. 

The  lesson  we  learned  during  the  life  of  our  railroads 
under  Governmental  control,  was,  is,  and  continues  to  be 
costly.  Unthinking  and  chiefly  political  agitation  precip- 
itated an  avalanche  upon  the  railroads  in  the  form  of  unfair 
regulation,  and  finally  Government  operation.  The  public 
sense  of  fair  play,  which  can  always  be  counted  on  to  appear  at 
some  time,  has  been  aroused.  Fortunately,  this  has  taken 
place  in  time  to  save  a  total  wreck.  The  people  saw  that  they 
were  facing  the  dismemberment  of  one  of  the  essential 
adjuncts  necessary  to  the  economic  existence  of  the  country 
— transportation.  With  this  lesson,  it  has  been  made  plain 
to  us  that  we  can  never  afford  to  permit  the  electric  power 
industry  to  suffer  a  similar  treatment. 

The  electric  utility  investments  at  large  are  rapidly 
approaching  in  amount  those  of  the  steam  railroads.  The 
electric  utility  deals  wdth  an  intangible  commodity 
thoroughly  differing  in  its  nature  and  attributes  from  the 
commodities  handled  by  the  railroads.  However,  this 
intangible  energy  or  commodity  is  transferred  across  state 
boundaries  and,  therefore,  this  electric  service  may  be 
subjected  to  the  same  form  of  agitation  that  so  long  ham- 
pered and,  in  fact,  nearly  destroyed  railroad  service  in  the 
United  States,  and  the  electrical  industry  must  be  prepared 
to  face  such  agitation  in  the  forum  of  public  opinion,  for 
either  Government  ownership  of  the  electrical  industry  or 
centralized  control  and  regulation  of  a  bureaucratic  nature 
in  Washington.  What  can,  may  happen;  what  should  not, 
must  not  happen.  Therefore,  it  would  seem  timely  to  mar- 
shal the  public  mind  with  facts  which  will  be  an  instant 
answer  to  that  possibility. 

The  fact  is,  we  have  enough  regulatory  machinery  already 
set  up  within  our  States  to  care  for  all,  or  practically  all, 
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of  the  essential  problems  growing  out  of  the  sale  and 
distribution  of  electrical  energy,  even  though  some  of  this 
energy  is  transmitted  across  State  boundaries.  Also 
it  may  be  said  that  these  problems,  as  they  develop,  can 
find  a  far  better  solution  right  on  the  ground  where  they 
occur.  Here  all  the  conditions  that  surround  them  are 
within  the  close  view  of  those  whose  interests  are  at  stake 
in  their  solution. 

What  public  benefit  can  possibly  be  secured  by  assigning 
local  problems  to  another  Washington  bureau  far  removed 
from  their  point  of  germination  and  before  a  court  man- 
ifestly incapable  of  adequately  handling  it?  Indeed,  such 
Federal  procedure  must  involve  great  loss  in  time  and  an 
ever-growing  burden  of  expense  which  is  wholly  unneces- 
sary if  our  State  jurisdictions  are  conserved.  The  ultimate 
result  would  be  negative  as  to  benefits,  and  positive  only 
as  to  the  burdens  of  expense  and  time.  The  consumers 
of  electric  service  have  the  right  to  an  immediate,  infor- 
mal and  inexpensive  tribunal  for  passing  judgment  upon 
any  of  their  demands  and  complaints.  Washington  has 
no  right  to  deprive  them  of  this  opportunity.  Again,  let 
me  emphasize  the  fact  that,  while  electricity  may  appear 
to  be  an  interstate  commodity  and  when  reviewed  as 
something  crossing  a  vState  boundary,  it  can  only  by  a 
stretch  of  imagination  be  included  in  that  class — it  will  be 
only  the  political  agitator  who  will  attempt  such  classifica- 
tion. Present  State  machinery  is  now  excellently  designed 
to  deal  with  the  matter,  and  can  function  far  more  expediti- 
ously, inexpensively,  and  correctly  than  some  new  wing 
of  the  Interstate  Commerce  Commission  or  other  Federal 
body  which  must  function  at  long  distance  and  with  attend- 
ant mistakes. 

To  all  of  this  may  be  added  the  fact  that  our  Constitution 
permits  two  or  more  States  to  enter  into  compacts  with  one 
another,  providing,  of  course,  that  such  compacts  receive  the 
approval  of  Congress.  It  is  almost  beyond  conception 
that,  after  these  many  years  of  electrical  production,  the 
existing  amity  between  the  States  cannot  be  continued  in 
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matters  pertaining  to  the  transmission  and  exchange  of  elec- 
tric energy  across  their  borders.  The  PubUc  Service  Com- 
missions of  our  States  already  possess  the  machinery  to 
effect  the  necessary  regulating  and  in  their  past  service 
they  have  won  public  confidence  in  the  great  majority 
of  our  States,  by  protecting  the  people. 


CHAPTER  X 

PUBLIC  SERVICE  COMMISSIONS 

Among  the  most  important  legislative  accomplishments 
in  the  various  States  in  recent  years  has  been  the  creation 
of  the  Public  Utility  Commissions.  The  plan  originated  in 
New  York  and  has  now  been  followed  by  almost  every  State 
in  the  Union.  When  first  appointed,  these  Commissions 
generally  interpreted  their  first  duty  to  be  the  study  of  the 
rates  charged  by  electric  service  companies,  as  these  were 
generally  considered  excessive  by  the  public.  While  such 
a  condition  was  found  to  exist  in  some  cases,  and  was 
promptly  corrected,  it  soon  developed  that  the  greatest 
service  which  the  Commissions  could  render  the  people  was 
so  to  adjust  the  rates — strictly  in  accordance  with  the 
provisions  of  the  law — as  to  permit  the  charge  to  provide  a 
reasonable  return  on  the  investment — no  more,  no  less. 
Such  action  insured  fair  treatment  to  the  people  and  at  the 
same  time  protected  the  utilities  from  ruinous  and  confis- 
catory demands  to  lower  rates,  which,  if  granted,  would 
destroy  one  of  the  greatest  advantages  which  the  American 
public  enjoy — namely,  adequate  electric  service.  Each 
year  since  Public  Service  Commissions  were  created  has 
brought  about  a  keener  recognition  on  the  part  of  the 
Commissioners  of  the  responsibility  they  owe  the  public, 
and  has  led  to  a  definite  policy  on  their  part  to  see  that  the 
rates  should  provide  a  sufficient  sum  to  cover  the  cost  of 
operation  and  maintenance,  and  the  necessary  reserve  to 
meet  obsolescence  with  a  reasonable  return  on  the  money 
invested  by  the  public  in  the  enterprise.  This  policy,  by 
insuring  the  soundness  of  the  securities,  makes  it  possible 
for  the  utilities  to  secure  new  capital  to  take  care  of  the 
constant  and  increasing  expansion  of  service. 
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While  it  is  believed  that  the  public  is  well  satisfied  with 
the  functioning  of  the  Public  Service  Commissions,  and  that 
it  approves  this  form  of  regulation  rather  than  political 
ownership  of  such  enterprises,  it  is  still  necessary  to  con- 
tinue to  inform  the  public  in  this  regard,  owing  to  the 
persistent  activities  and  propaganda  of  the  socialist  and 
communist  groups.  The  results  of  the  last  election,  how- 
ever, held  in  this  country  (1924)  is  conclusive  proof  that  the 
people  have  a  clear  understanding  of  the  matter.  Politics 
must  not  be  allowed  to  play  with  such  vital  necessities  as 
ample  power  and  adequate  transportation. 

The  greatest  essential  to  continued  American  industrial 
progress  is  the  presence  of  an  abundance  of  power,  and  the 
assurance  that  utility  expansion  will  always  meet  the  steady 
and  constantly  increasing  demand.  To  make  this  possible, 
the  utilities  must  not  be  hampered  either  physically  or 
financially.  Investment  funds  must  flow  freely  to  it  and 
fair  rates  of  return  must  be  assured  in  order  to  secure  the 
needed  capital.  The  boy  who  runs  an  elevator,  or  the 
engineer  who  runs  his  4000-horsepower  electric  locomotive, 
is  not  concerned  with  the  problems  of  power  plant  opera- 
tion, but  wdth  the  presence  of  the  power  necessary  to 
operate  his  machine.  He  merely  controls  the  flow  of  elec- 
tric energy  in  the  propelling  mechanism. 

The  function  of  the  electric  utility  commissions  of  this 
country  is  similar  in  character.  Their  duty  lies  in  control 
and  the  exercise  of  judgments  which  will  secure  for  the 
people  an  adequate  and  reliable  service  from  the  electric 
utilities  at  reasonable  rates. 

Is  it  not  patent  that,  without  adequate  return  on  invest- 
ment behind  the  service,  such  service  will  not  be  adequate? 

Public  officials  and  politicians  are  often  guilty  of  mis- 
representing the  facts  about  utility  companies  to  win  votes 
and  to  increase  their  political  prestige.  They  are  prone  to 
make  promises  to  the  people  in  matters  about  which 
they  know  little  or  nothing.  Cam-paign  pledges  are  often 
mere  worthless  promissory  notes  given  for  votes  secured  hy 
misrepresentation. 
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It  is  clearly  the  duty  of  Public  Service  Commissions  to 
enlighten  the  people  in  these  matters,  and  they  are  doing  it. 
Another  function  is  to  lend  their  support  to  any  efforts  on 
the  part  of  the  utility  companies  to  improve  service,  such 
as  by  interconnection  and  superpower  development — this 
they  are  also  doing. 

Public  utilities  generally  have  lived  down  the  deserved 
criticism  of  some  of  their  early  practices  by  rendering 
faithful  service  to  the  public.  This  result  makes  the 
responsibility  of  the  electric  utility  managements  and  of  the 
Public  Service  Commissions  the  greater.  No  selfish  abuse 
of  the  good  will  which  the  public  now  accords  them  should 
be  permitted  to  destroy  this  satisfactory  situation. 

It  would  take  only  a  few  abuses  of  the  power  derived  to 
turn  good  will  to  suspicion  and  antagonism,  and  the  public 
would  not  be  slow  in  meting  out  punishment  to  any  offend- 
ers— companies  and  Commissions  alike.  Public  feeling 
against  the  utilities  is  only  too  easily  aroused  by  communis- 
tic propaganda  and  pohtical  clamor,  but  it  can  be  silenced 
by  efficient  and  honest  service. 

Where  there  is  a  just  cause  for  complaint  the  Com- 
missions should  take  prompt  and  drastic  action,  both  to 
insure  public  confidence  for  the  sake  of  the  companies  that 
are  meeting  their  responsibilities  fully,  and  to  protect  their 
own  good  name. 

The  principles  of  superpower  and  the  policy  of  the  Public 
Service  Commissions  are  in  complete  accord,  as  the  aim  of 
both  is  to  secure  for  the  pubhc  adequacy  and  reliability  of 
service,  together  with  the  most  reasonable  rates  for  energy 
that  a  careful  administration  can  furnish,  with  minimum 
capital  expenditure  and  reasonable  rate  of  return.  Only 
when  the  principles  of  the  superpower  formula  are  carried 
out  can  these  reach  the  fullest  measure  of  accomplishment. 
At  the  National  Convention  of  Public  Service  Commis- 
sioners held  in  Florida  in  December,  1923,  the  audience, 
representing  Commissioners  from  almost  every  State, 
gave  very  close  attention  to  my  address  on  Superpower  when 
it   was   my   honor   and   pleasure   to   represent    Secretary 
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Hoover  at  that  meeting.  At  the  close  of  the  talk  those 
present  endorsed  the  plan  and  pledged  their  co-operation 
in  the  carrying  out  of  such  projects  in  various  sections  of 
the  country. 

I  have  said  that  if  100  per  cent  efficiency  reigned  through- 
out the  world  nothing  would  be  left  to  be  done,  and  I 
make  haste  to  add  that  this  statement  also  applies  to  the 
American  system  of  electric  power  production.  Remark- 
able as  has  been  its  accomplishments,  the  greatest  index  of 
it  being  the  continued  fall  in  price  of  power  to  the  consumer, 
in  the  face  of  rising  costs  of  the  commodities  associated 
with  the  creation  of  its  power  plants  and  their  operation — 
materials  and  labor — there  is  still  room  for  improvement. 
The  set-up  is  a  simple  and  effective  one,  and,  because  of  its 
lack  of  complexity,  the  American  public  understands  and 
endorses  it,  and  will  be  content  with  nothing  else.  In 
the  main,  it  may  be  described  as  a  single  power  structure  of 
two  compartments  each  with  two  antechambers  in  which 
sit  judges  in  control,  who  are  appointed  by  the  public,  and 
named  by  them  the  Public  Service  Commissioners. 


INVESTMENT 


RATES 


Fig.  4. 


The  accompanying  simple  diagram  will  serve  to  describe 
the  SA^stem.  C  and  C.l.  are  the  antechambers  previously 
mentioned,  in  which  the  Commissioners  appointed  by  the 
people  sit.  P  is  the  power  structure  endorsed  by  the 
majority  of  the  States  of  our  Union.  The  power  structure 
(P)  is  provided  by  funds  from  the  investing  public  (anyone 
can  subscribe  to  it).  The  Commissioners  in  C  (the  same 
that  sit  also  in  Ci)  pass  upon  and  appraise  the  value  to  the 
power  structure  to  be  erected  to  furnish  the  power,  and  the 
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money  value  of  it  is  represented  by  the  total  amount  of 
securities  (stocks  and  bonds)  that  the  Commissioners  per- 
mit to  be  issued.  So  begins  and  ends  the  capital  structure 
of  our  American  electric  power  utilities. 

The  structure  being  so  erected,  the  immediate  question 
that  suggests  itself  is:  What  return  upon  the  capital 
invested  in  its  creation  is  permitted  to  be  earned?  Here 
the  Commissioners — the  servants  of  the  American  public — 
again  function.  The  preceding  diagram  shows  them  in  the 
antechamber  CI.  The  investment  in  the  power  structure 
has  been  made  and  power  is  now  ready  to  be  furnished  to 
the  public.  Income  is  derived  from  the  rates  charged  for 
this  power.  In  sequent  order  immediately  follow  the  next 
questions:  What  is  the  rate  base?  What  shall  be  the 
charges  made  for  energy?  In  connection  with  this  matter 
there  is  a  Supreme  Court  decision  which  fundamentally 
answers  these  questions,  and,  though  announced  as  far 
back  as  1898,  its  solidarity  of  reasonableness  appealed  to 
the  American  public,  and  the  problem  of  rates  has  revolved 
around  it  ever  since  the  decision  was  rendered.  It  is  the 
case  known  as  Smith  vs.  Ames,  and  in  that  case  it  was 
decided  by  thelJ.  S.  Supreme  Court  that  a  fair  return  on  a  fair 
value  of  the  property  (power  structure  P)  used  for  the  con- 
venience of  the  public  was  the  chief  basis  for  the  determina- 
tion of  the  reasonableness  and  constitutionality  of  a  rate.^ 
It  is  clear,  therefore,  that  the  function  of  the  Commissioners 
in  abeyance,  and  in  obedience  to  the  law,  is  to  settle  what  is 
a  fair  charge  for  electrical  energy,  so  that  a  fair  return  can 
be  made  on  the  capital  invested  in  the  power  structure 
which  produces  it.  The  majority  of  our  States  are  sub- 
scribers to  this  simple,  equitable,  and  understandable 
arrangement. 

The  Public  Service  Commission  is  a  public  institution 
wisely  thought  out,  and  is  functioning  not  only  in  the  pub- 
lic's interest  and  for  their  protection  as  to  rates,  but  is  also 
designed  to  protect  that  same  public's  investment.     It 

^See  Whitten,  "Valuation  of  Public  Service  Corporations;"  also  1G9 
U.  S.  466,  18  Sup.  Ct.  418,  42  L.  ed.  819  March  7,  1898. 
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assures  an  adequate,  reliable,  and  economic  power  policy, 
and  makes  confiscation  of  property  impossible.  The 
securities  of  the  power  structure  are  open  to  subscription 
by  the  public  in  the  broadest  possible  sense.  It  has 
become  the  pride  of  the  electric  utility  companies  to  secure 
the  greatest  number  of  stockholders,  and  of  late  the  policy 
of  employee  or  customer  ownership,  or  both,  has  rapidly 
led  to  this  result.  Surely,  if  the  customer  of  a  company  is 
satisfied  with  the  rates  he  is  paying  for  power,  there  could 
be  no  greater  evidence  of  that  satisfaction  than  his  invest- 
ment in  the  securities  that  stand  behind  them. 

It  has  been  previously  said  that  the  district  expansion  of 
the  electric  utilities  is  not  superpower;  nor  is  this  accom- 
plished by  the  mere  corporate  consolidation  of  them. 
Either,  however,  is  better  and  far  better  than  Federal  or 
Municipal  ownership. 

In  respect  to  the  district  expansion  of  the  electric  utilities 
or  their  corporate  consolidations — of  these  two,  while  the 
first  militates  against  maximum  economic  expansion,  cor- 
porate consolidation  may  be  made  a  first  step  towards  such 
an  end.  Enough  for  the  moment  has  been  said  to  show  why 
the  practice  of  superpower  is  physical,  the  principal  move 
of  which  is  the  interconnection  of  economic  power  and  load 
centers.  Now,  in  reference  to  corporate  consolidations — 
while  it  can  be  said  that  this  is  an  economic  step  in  itself, 
yet  its  greatest  importance  lies  in  the  fact  that  it  opens  up 
a  way  to  the  subsequent  realization  of  all  for  which  super- 
power stands.  The  administration  of  consolidated  proper- 
ties should,  and  usually  does,  function  to  bring  a  reduction 
in  annual  overhead  charges,  and,  while  this  is  in  part  a  step 
in  the  right  direction,  it  is  of  lesser  importance  than  the 
fact  that  this  move  leads  to  the  better  physical  consolida- 
tion of  properties  and,  therefore,  to  a  better  annual  eco- 
nomic return.  Once  the  corporate  consolidation  of  a 
number  of  power  properties  within  a  regional  zone  has  been 
made,  then  there  has  been  removed  from  it  one  of  the  chief 
elements  militating  against  effective  economic  result, 
because  co-ordination  becomes  possible  where,  primarily, 
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only  the  tendency  and,  in  many  cases,  the  absence  of 
co-operation  has  made  that  result  very  difficult  to  accom- 
plish.    Co-ordination  is  co-operation  put  into  practice. 

Shortly  after  the  Superpower  Report  was  presented, 
realizing  the  millions  of  dollars  that  could  be  annually 
saved  by  entering  upon  an  active  campaign  to  co-ordinate 
physically  the  electric  utilities  on  the  North  Atlantic  sea- 
board, and  with  the  knowledge  of  the  locations  of  steam 
and  hydro-electric  stations  in  their  strategic  relation  to 
coal  and  water,  but  with  a  lesser  knowledge  of  the  personal 
equation  in  the  electric  utility  business,  I  conceived  of  an 
engineering  clearing  house  not  unlike,  in  action,  that  of  the 
Federal  Reserve  Bank — a  sort  of  Supreme  Court — con- 
sisting of  engineers  through  whom,  as  a  focal  point,  the 
planning,  supervision,  and  construction  of  the  proposed 
Northeastern  Superpower  System  could  be  brought  into 
being. 

This  body  was  to  be  known  as  the  Engineering  Clearing 
House,  and  the  intent  was  that  it  would  be  an  impartial 
tribunal  co-operating  with  the  engineering  departments  of 
the  electric  utilities  and  railroads,  the  sole  purpose  of  which 
was  the  correct  placement  of  superpower  stations  and 
interconnecting  transmission  lines,  which,  while  it  insured 
the  most  economically  produced  power,  would  also  insure 
its  adequacy  and  reliability  in  association  with  the  load 
centers  of  transportation  and  industry. 

The  thought  that  animated  me  might  have  then  been 
called  Utopian,  but  in  my  opinion  the  future  will  see  it 
realized.  It  seemed  to  me  that,  since  the  railroads  and  the 
electric  utility  companies  were  distinct  entities,  respectively 
operating  in  their  enfranchised  zones,  it  would  be  to  the 
community  interest  primarily  to  produce  power  in  the 
manner  previously  described  and  to  deliver  it  to  these  zones 
for  distribution  and  use. 

Fired  by  the  co-operative  action  shown  by  the  electric 
utility  and  railroad  companies  during  the  Superpower 
Survey,  in  the  furnishing  of  fundamental  data — which 
not  only  included  their  fixed  and  operating  costs,  but  which 
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permitted  the  accurate  plotting  of  load  growth  curves, 
which,  in  turn,  permitted  the  accurate  prediction  of  future 
power  requirements — my  partner,  Mr.  Flood,  and  I  drafted 
up  a  set  of  articles  upon  which  such  an  Engineering  Clearing 
House,  as  above  described,  might  have  been  founded. 
At  the  risk  of  its  interest,  I  have  taken  the  draft  out  of  my 
files,  where  it  has  been  reposing  these  last  three  years, 
and  herewith  present  it.  These  articles  are  presented  with 
the  apology  due  them  for  their  original  appearance  and  lack 
of  finish,  and  I  offer  them  only  to  show  the  importance 
that  I  attached,  and  do  now  attach,  to  the  necessity  of 
working  out  correctly  the  physical  structure  of  superpower. 

The   Co-ordination   of   Power   Facilities   for  Light  and 

Power  Utilities,   Street  Railway  Utilities,  and 

Heavy-traction  Railroads 

"Superpower  Plan. — The  Superpower  Report  brought  out  the 
economic  desirability  of  co-ordinating  the  construction  programs 
of  and  the  interchange  of  power  between  the  electric  light  and 
power  utilities  and  the  street  and  heavy  traction  electrified 
railways. 

"Savings. — The  savings  given  in  the  Superpower  Report  result 
from  complete  co-ordination.  Partial  co-ordination  will  produce 
partial  benefits  only,  due  to  a  resulting  power  load  factor  and  the 
loss  of  joint  reserve  which  would  otherwise  be  higher  for  com- 
plete co-ordination. 

"Existing  Public  Utility  Engineeri^ig  Organizations. — The  public 
utilities  are  equipped  with  competent  engineering  organizations 
to  solve  the  problems  that  arise  from  the  operations  of  their 
individual  properties.  In  the  plan  following,  it  is  the  intention 
to  utilize  these  existing  engineering  organizations  to  the  fullest 
extent. 

"A  Co-ordinating  Engineering  Organization. — Many  plans  for 
the  interconnection  of  public  utilities  have  miscarried  by  reason 
of  the  fact  that  one  party  or  the  other  has  felt  that  the  benefits 
to  be  gained  would  not  be  equally  divided  and  it  is  therefore 
suggested  that  a  co-ordinating  engineering  organization  be  estab- 
lished, which  is  not  specifically  related  (except  contractually 
with  all  the  parties  in  interest)  to  any  one  of  the  public  utilities 
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and  through  which  plans  for  the  co-ordination  of  the  several 
electric  utilities  may  be  effected. 

"The  service  and  relationship  of  the  Co-ordinating  Engineering 
Organization  to  the  electric  utilities  are  briefly  summated  in  the 
three  following  paragraphs: 

1.  "It  will  ascertain  and  present  to  such  electric  utilities  as  may 
jointly  desire  association  in  the  production,  the  transmission  or 
exchange  of  power,  the  facts  in  any  situation  upon  which  it 
may  be  requested  to  advise.  In  this  respect,  it  will  be  the 
searcher  of  facts  and  act  as  the  Clearing  House  in  the  interest  of 
the  several  utilities  seeking  equitable  relationship  in  any  problem 
arising  out  of  their  association. 

2.  "The  Co-ordinating  Engineering  Organization  will  be  the 
servant  to,  rather  than  the  master  of  the  existing  utility 
engineering  organizations. 

3.  "While  the  Co-ordinating  Engineering  Organization  will 
function  to  offer  impartial  and  sound  advice  on  all  problems 
arising  from  interrelationship  of  the  electric  utilities,  it  is  under- 
stood that  none  of  the  electric  utilities  shall  be  bound  by  the 
findings  of  the  Co-ordinating  Engineering  Organization. 

^^Organization. — The  Co-ordinating  Engineering  Organization 
shall  (as  its  name  implies)  make  studies,  from  which  may  result 
a  definite  construction  program  covering  the  production  and 
transmission  facilities  of  the  electric  utilities  through  which 
the  savings  named  in  the  Superpower  Report  can  be  made. 

"Creation  of  new  power  and  transmission  facilities  requires  new 
capital  and  it  is  proposed  that  this  engineering  organization  in 
behalf  of  the  several  electric  utilities  employing  it  shall,  when  so 
instructed,  advise  with  the  said  public  service  commissioners  or 
other  bodies  to  the  end: 

1.  "That  legislative  action  be  secured  to  permit  the  co-ordinate 
operation  of  the  public  electric  utilities. 

2.  "That  good  management  in  such  operation  be  rewarded  by  a 
return  upon  capital  in  sufficient  amount  to  attract  it. 

^^ Function  of  the  Co-ordinating  Engineering  Organization. — To 
serve  as  a  co-ordinating  agency  between  the  several  public  electric 
utilities  in  respect  to  interconnection  of  their  existing 
production  and  transmission  facilities  and  in  respect  to  future 
construction  and  operating  programs.  In  thus  functioning,  the 
organization  would  be  prepared  to  analyze  and  make  recom- 
mendations in  respect  to: 
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1.  "The  markets  available  for  the  disposal  of  energy  and  their 
relation  to  the  logical  and  cheap  power  production  sources. 

2.  "The  allocation  of  future  power  production  sources,  whether 
steam-electric  or  hydro-electric,  together  with  programs  for  con- 
struction in  respect  to  the  available  markets  and  their  growths. 

3.  "Hydro-electric  or  steam-electric  production  facilities 
proposed  for  joint  construction  by  more  than  one  of  the  public 
electric  utilities,  the  determination  of  the  part  that  each  electric 
utility  should  assume  in  purchasing,  constructing  or  operating 
the  various  steam  or  water  power  developments  and  the  part 
that  each  public  electric  utility  should  receive  of  the  power 
generated  from  such  purchased,  developed  or  operating 
properties. 

4.  "The  allocation  of  transmission  networks  for  interconnection 
between  load  centres  and  power  sources  in  such  a  manner  as  to 
obtain  the  greatest  benefit  in  joint  reserve  and  diversity  as  may 
be  found  to  exist. 

5.  "The  allocation  of  trunk  transmission  systems  from  distant 
power  sources  to  the  markets,  as  for  instance,  between  the 
anthracite  mining  district,  and  the  Atlantic  seacoast,  or  from 
Niagara  Falls  to  load  centres  near  the  seacoast,  which  could 
economically  absorb  such  power. 

6.  "Proposed  designs  for  facilities  to  protect  jointly  the  several 
companies  interested  therein. 

7.  "Definite  and  economical  construction  programs  for  produc- 
tion and  transmission  facilities  and  to  modify  such  programs 
periodically  in  order  that  they  may  be  in  harmony  with  industrial 
and  financial  conditions  then  existing. 

"The  Co-ordinating  Engineering  Organization  in  the  matter  of 
joint  presentation  of  public  utility  policies  will  function  when  so 
instructed: 

1.  "To  advise  on  matters  to  be  presented  to  the  public  service 
commissions,  legislative  and  judicial  bodies  having  regard  to 
reasons  for  modification  of  the  rate  of  return  upon  capital  invest- 
ment, so  as  to  create  the  proper  incentive  in  public  electric  utility 
investment,  which  in  turn  will  reduce  the  cost  of  their  product  to 
the  people  as  a  whole. 

2.  "To  present  before  such  bodies  the  facts  as  to  the  necessity 
for  the  right  of  eminent  domain,  intercompany  stock  ownership 
and  other  subjects  that  affect  joint  development  in  the  electric 
utility  field. 
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3.  "To  determine  proper  rate  schedules  for  the  sale  or  purchase 
of  power  between  the  several  public  electric  utility  companies. 

4.  "To  interpret  proportionate  interests  of  the  several  companies 
as  embodied  in  contracts  to  be  drawn  for  joint  construction  or 
operation, 

5.  "To  co-ordinate  the  power  production  and  transmission 
facilities  of  the  light  and  power  utilities  and  the  street  and 
heavy  traction  railroads. 

6.  "To  co-ordinate  the  operating  departments  of  the  public 
electric  utilities  so  that,  with  joint  operation  and  lowest  cost,  the 
highest  degree  of  reliable  service  to  all  will  be  secured. 

7.  "To  act  as  a  load  equalizer  for  the  management  and  engineer- 
ing departments  of  the  individual  public  utilities  and  syndicates 
by  taking  over  such  assignments  or  studies  as  they  may  desig- 
nate, that  their  own  organizations  may  be  kept  more  uniformly 
loaded. 

"Continuing  Organization. — The  Co-ordinating  Engineering 
Organization  should,  by  reason  of  changing  conditions  and  of  the 
nature  of  the  functions  proposed  for  it,  be  a  continuing  organiza- 
tion making  a  specialty  of  studying  the  conditions  and  working 
out  the  problems  arising  from  interconnection.  For  such  prob- 
lems, it  would  rely  upon  the  personnel  of  the  individual  utilities 
to  the  largest  extent  for  data  and  assistance,  and  as  a  result, 
its  own  personnel  would  be  comparatively  small  for  the  amount 
of  work  it  would  undertake. 

"Initial  Arrangement. — Constant  association  with  the  features 
of  electric  utility  interconnection  will  equip  the  Co-ordinating 
Engineering  Organization  with  a  file  of  comparative  data  and 
results,  insuring  accuracy  in  the  solution  of  problems  as  they 
arise. 

"Other  Sections  of  Superpower  Zone. — That  portion  of  the  super- 
power zone  lying  between  New  York  and  Baltimore,  along  the 
seacoast  and  extending  westward  to  approximately  the  Susque- 
hanna River,  offers  exceptional  possibilities  for  immediate  large 
savings  and  further,  with  the  return  of  normal  industrial  activity, 
will  also  require  additional  production  facilities." 

It  is  estimated  that  approximately  $134,943,000  could 
be  saved  by  1930  over  1919  operating  costs  through  inter- 
connection in  this  region,  and  that  the  new  capital  required 
to  effect  such  a  saving  would  amount  to  about  $327,000,000. 
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Such  were  my  ideas  in  1922  in  respect  to  an  Engineering 
Clearing  House.  More  seasoned  now  with  the  valuable 
experience  and  introspection  of  electric  utility  methods  and 
policy,  I  am  the  better  able  to  understand  why  the  Engi- 
neering Clearing  House  could  not  then  and  there  be  created ; 
also  why  in  1922,  when  discussing  it  with  three  of  the  most 
influential  men  in  the  electric  utility  field,  they  said  to  me, 
''Wait,  you  are  moving  too  fast."  In  blunt  terms,  I  was 
a  ''Crusader." 

The  outstanding  executives  in  the  electric  utility  field 
are  men  who,  during  the  last  30  years,  have  given  brain, 
sinew,  and  muscle  to  the  building  up  of  the  properties 
in  which  they  have  been  respectively  interested.  Each  in 
his  own  bailiwick  has  been  striving  to  outdo  the  other  in 
meeting  the  public's  demand  for  service.  Each  has  watched 
the  steady  growth  and  expansion  of  their  properties  until 
today,  so  vast  have  they  become,  the  perimeter  of  the  one 
has  touched  and  become  co-incident  with  its  next  adjacent, 
thus  defining  the  areas  to  the  north,  or  the  south,  or  the 
east,  or  the  west  in  these  co-incident  boundaries  in  which 
their  respective  franchises  applied.  In  this  description, 
though  not  intended,  becomes  visualized  again  the  immi- 
nent act  of  superpower.  Here  was  the  stumbling  block  three 
years  ago,  the  flood  of  light  upon  which  since  that  period 
has  revealed  its  nature  and  dimensions.  Three  years  ago 
co-operation?  Yes,  theoretically.  Practically?  No.  No 
matter  what  economies  the  Superpower  Report  might 
have  shown,  there  was  the  human  as  well  as  the  physical 
side  to  be  considered  and  dealt  with.  In  the  main,  the  com- 
panies were  independent  of  each  other.  They  had  their 
programs  and  their  policies  to  inaugurate  and  carry  out. 
They  were  most  friendly  disposed  towards  their  neighbors 
and  the  back  fence  of  each  company  was  a  boundary, 
sacred  and  honored.  It  was  not  a  home-run  for  any  com- 
pany to  knock  a  ball  over  this  fence.  The  company  doing 
it  did  not  score;  rather,  it  lost  property — the  ball.  Here 
was  an  obstruction  the  Engineering  Clearing  House  had  to 
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surmount,  and  it  was  truly  a  vertical  affair.  Frankl}'-,  the 
"Crusader"  had  neither  anticipated  nor  feared  it. 

By  the  sweat  of  their  brows  these  great  utility  leaders  had 
built  up  their  power  zones.  They  had  their  engineering 
departments,  whose  duty  it  was  to  plan,  design,  and 
construct  the  power  facilities  to  take  care  of  the  present  and 
future  demands  of  these  zones,  and  to  extend  them  if 
considered  fair  to  their  adjacent  neighbors. 

It  took  me  some  time  to  realize  and  appreciate  this  true 
and  reasonable  inhibition  to  the  plan.  It  was  human  and 
reasonable— reasonable  because  it  was  human.  No  indi- 
viduals or  groups  of  individuals  could  possibly  have  been 
more  considerate  from  the  beginning  of  my  campaign  for 
superpower,  and  that  consideration  has  extended  to  this 
day. 

One  of  the  most  thoroughly  enjoyed  days  of  my  life 
was  the  one  a  few  months  after  the  Superpower  Report  had 
been  presented,  when  some  20  of  the  Presidents  and  Vice- 
Presidents  of  the  electric  utility  companies  asked  me  to 
meet  them  in  New  York,  the  purpose  being  to  convey, 
through  me,  their  appreciation  to  the  engineers  of  the 
Superpower  Survey  for  the  effort  made.  They  said  things 
that  made  known  their  interest  and  confidence  in  the  report 
— confidence  because  they  recognized  it  as  the  roadway  to 
expansion  and  to  the  future  success  of  the  electric  utility 
business. 

The  executives  of  the  electric  utility  companies  and  the 
American  public  had  confidence  in  the  Superpower  Report, 
because  it  was  absolutely  free  from  bias.  It  was  the 
ungarnished  expression  of  the  first  active  clearing  house  that 
this  country  had  assembled.  The  engineers  of  the  Super- 
power Survey  accorded  a  position  to  the  larger  or  smaller 
companies  only  in  respect  to  the  quantity  of  power  gen- 
erated, and  its  economic  relation  to  adjacent  load  centers. 

These  companies  lost  all  identity  except  as  to  their 
economic  position  in  this  proposed  university  of  power 
production.  The  companies  were  not  asked  to  discuss  any 
policy    that    touched    their    individual    interest.     Plant 
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capacities  and  economies  associated  with  them  took  posi- 
tion in  this  regional  zone  in  a  manner  entirely  similar  to 
what  would  have  been  the  case  had  the  consideration  been 
that  of  a  single  unit  in  a  single  power  station. 

Thrown  clear  of  the  prejudices,  human  selfishness,  and 
individual  ambitions  of  single  corporate  interests,  the  engi- 
neers of  the  Survey  viewed  the  Northeast  Atlantic  Seaboard 
Power  Zone  as  a  single  regional  power  house  to  furnish 
adequate,  reliable,  and  economic  power  in  sufficiency  to  meet 
the  demand  and  load  necessary  for  light,  industry,  and 
transportation.  They  fashioned  it  so  that  the  facilities 
would  be  in  accord  with  the  1930  requirement.  It  was  one 
thing  to  collect  the  data,  assemble  it,  and  design  this  great 
regional  system  on  paper.  It  was  another  to  put  it  into 
being. 

To  create  an  Engineering  Clearing  House  equipped  w^ith 
the  talent  necessary  to  the  impartial  allocation  of  power 
and  load  centers  and  to  impartially  pro-rate  each  com- 
pany's financial  interest,  dealing  with  a  set  of  detached 
companies  separate  in  their  corporate  existence  and  opera- 
tion, was  a  more  difficult  problem  than  anticipated.  I  had 
the  temerity  to  believe  that  this  could  be  done  rapidly.  It 
can  and  will  be  done,  but  "rapidly"  is  a  relative  word.  I 
now  recognize  in  the  step  of  corporate  consolidation  prior  to 
physical  consolidation  the  possibility  of  not  only  a  more 
effective  and  efficient  physical  consolidation,  but  one  which 
possibly  may  be  brought  about  with  less  delay.  In  the 
end,  either  procedure  will  result  in  practically  the  same 
thing. 

When  four  of  five  independent  companies  are  trying  to 
join  up  their  power  and  transmission  facilities,  it  is  only 
human  to  find  a  very  considerable  amount  of  jockeying  for 
first  place.  One  or  two  men  in  such  a  group  generally  have 
''their  plan"  and  dominate  the  rest,  and  each  fellow  is 
wondering  whether  his  company  is  getting  "everything 
that  should  be  coming  to  it."  Therefore,  co-ordination 
by  superpower  prior  to  corporate  consolidation  may  intro- 
duce elements  of  delav. 
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On  the  other  hand,  if  a  group  of  adjacent  companies 
consohdate  their  interests  through  a  holding  company, 
much,  if  not  all,  of  the  stand-offishness  between  officials  is 
eliminated.  They  are,  so  to  speak,  all  in  the  same  family 
and  can  work  together  for  the  common  good,  so  both  the 
public  and  the  company  benefit  by  such  consolidations. 
It  is  at  this  moment  that  the  principles  of  superpower 
have  opportunity  to  function  with  maximum  effect. 
However,  it  should  not  for  a  moment  be  thought  that  it  is 
absolutely  necessary  to  consolidate  companies  corporately 
before  superpower  studies  and  interconnections  are  made. 

Experience  dictates  the  belief  that  a  more  beneficial  and 
expeditious  result  can  be  secured  by  a  prior  corporate  con- 
solidation. On  the  other  hand,  the  author  has  during  the 
past  two  years  been  studying  the  possibilities  of  superpower 
interconnections  between  a  very  considerable  number  of 
companies,  viz.  57  in  one  group,  and  there  is  no  seal  of  cor- 
porate consolidation  between  them. 

The  control  of  power  production,  transmission,  and 
distribution  by  the  Public  Service  Commissions  in  this 
country  is  admirably  arranged  to  protect  the  public  interest. 
Therefore,  the  greater  the  number  of  corporate  consolida- 
tions the  greater  will  it  redound  to  the  interest  of  the  same 
public.  To  be  sure,  our  limited  number  of  friends,  the 
Bolshevists,  to  whom  previous  mention  has  been  made, 
wdll  attempt  to  visualize  this  procedure  as  the  wolf  dressed 
in  sheep's  clothing,  free  and  untrammeled,  running  around 
seeking  whom  he  may  devour.  Fortunately,  the  public's 
mind  today  discounts  these  discordant  and  rapidly  dwin- 
dling attacks  against  the  nation's  policy. 

No  matter  how  many  consolidations  are  made,  the 
Public  Service  Commissions  and  the  Courts  have  finger  and 
eye  upon  questions  respecting  investments  and  rates  in 
the  electric  utility  field,  and  the  public  will  continue  to  be 
the  judge  of  both  in  the  performance  of  their  duties.  Powder 
in  increasing  amount  is  time's  arch  desideratum.  Every 
time  a  physical  consolidation  takes  place  the  factory  motor 
stands  less  chance  of  shutdown  and  streets  are  surer  of 
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their  illumination,  since  this  act  creates  new  paths  by 
which  electricity  can  flow  to  them. 

No  matter  how  many  individual  plants  may  be  united 
through  interconnected  transmission  for  the  purpose  of 
primary  generation,  in  the  last  analysis  the  meter  rate  of 
the  local  company  furnishing  the  power  is  under  the  con- 
trol of  the  public  through  the  Public  Service  Commissions. 

The  first  and  most  important  requirement  is  the  presence 
of  power,  and  by  presence  is  meant  power  that,  when 
demanded,  is  ready  for  delivery.  Consolidation  will  help 
this. 

In  industry  the  item  of  power  cost  in  the  total  cost  of 
the  manufactured  product  represents,  on  the  average,  but 
2.6  per  cent.  We  do  not  run  our  hands  through  our  pockets 
to  be  sure  that  we  have  a  nickel  or  dime  when  we  are  waiting 
for  the  trolley  car,  or  the  bus,  but  we  do  get  very  impatient 
when  neither  type  of  vehicle  is  in  sight.  It  costs  us  more 
money  to  ride  in  these  vehicles  today,  but  in  the  electric 
service  field  the  price  of  this  useful  commodity  has  steadily 
fallen  in  cost  in  the  face  of  the  rising  prices  of  the  supplies 
and  machinery  necessary  to  create  the  equipment  to  produce 
it,  and  keep  it  going.  This  is  not  to  imply  that  consolida- 
tions will  not  reflect  their  economic  effect  in  the  lowering  of 
the  cost  of  power  to  the  consumer,  but  it  is  not  to  be  forgotten 
that  all  new  superpower  stations  and  additional  transmis- 
sions and  distribution  must  be  created  out  of  funds  saved  by 
the  economies  observed  behind  the  walls  of  the  generating 
stations.  Inside  of  these  stations  today,  up  until  recently, 
the  average  costs  for  the  current  that  has  left  their  buses 
has  been  less  than  2  cents  per  kilowatt-hour. 

I  wish  it  were  recognized  by  our  politicians  and  Bolshe- 
vist friends  that  the  chief  expense  of  furnishing  power  to 
the  consumer  lies  in  its  distribution  from  the  power  station 
after  it  has  been  generated.  Even  in  so  formidable  appearing 
a  document  as  the  one  supported  by  the  Governor  of 
Pennsylvania,  Gifford  Pinchot,  and  entitled  "Report  of  the 
Giant  Power  Survey  Board"  to  the  General  Assembly  of 
the  Commonwealth  of  Pennsylvania,  we  read  in  his  mes- 
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sage   of   transmittal,   on   page   11,   the  paragraph  which 
follows : 

"We  complain  and  with  justice,  that  the  cost  of  food  doubles 
between  the  farmer  who  grows  it,  and  the  housewife  who  buys  it. 
But  if  the  cost  of  electric  current  only  doubled  between  the 
generating  station  and  the  householder's  meter  the  present  rates 
would  be  cut  into  small  pieces.  Producers  of  electric  current 
commonly  sell  it  to  large  consumers  for  a  fifth  or  a  tenth  of  the 
price  they  charge  to  the  head  of  a  family,  and  for  much  less  than 
the  small  industrial  consumer  pays.  It  is  the  small  user,  the 
average  consumer,  to  whom  the  companies^charge  their  highest 
rates.  " 

Is  not  this  message  as  actually  delivered  to  the  legis- 
lature of  the  State  of  Pennsylvania  by  its  Governor  its  own 
answ^er?  Even  the  ungraduated  boy  in  college  knows  that 
on  an  average  80  per  cent  .of  the  cost  of  supplying  electricity 
to  the  consumer  lies  in  its  necessarily  expensive  distribution 
to  him  after  it  has  been  generated  at  the  station.  Which  is 
more  important — industry  or  house  lighting?  I  suppose 
the  Governor  in  waiting  this  message,  thought  that  it 
cost  no  more  per  unit  to  deliver  say  25  kilowatt-hours  a 
month,  to  the  householder  than  25,000  kilowatt-hours  or 
more  to  the  factory. 

The  accompanying  diagram  may  serve  to  illustrate  the 
reason  for  the  difTerence  in  the  cost  in  serving  industry  with 
powder  and  householders  with  light.  On  account  of  installa- 
tion cost  and  other  conditions,  the  price  of  electric  energy 
may  justifiably  vary  from,  say,  1  to  14  cents.  However, 
I  think  it  will  be  of  interest  to  supplement  it  wath  the 
statement  of  a  few  facts : 

1.  Under  present  conditions  of  application,  the  average 
residential  customer  does  not  use  the  electrical  equipment 
capacity  which  must  be  provided  for  him  for  more  than  450 
of  the  8760  hours  of  the  year,  while  the  customer  of  the 
wholesale  power  which  is  generally  applicable  to  industry, 
uses  if  for  2500  hours  of  the  year.  Accordingly,  the  fixed 
costs  against  investment,  which  include  interest,  replace- 
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ment,    reserve,    taxes,    insurance,    etc.,    must   necessarily 
be  chargedj^against  residential  customers  at  a  unit  price 
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per  kilowatt-hour  of  many  times  that  charged  against  the 
wholesale  user. 
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2.  The  investment  per  unit  of  energy  delivered  to  the 
residential  customer  is  many  times  that  required  to  serve 
the  wholesale  power  customer.  For  example,  the  same 
kind  of  pole  or  underground  construction  (duct  line)  that  is 
required  to  carry  wires  to  serve  a  residential  customer  is 
also  used  to  carry  the  wires  that  serve  the  wholesale  power 
customer,  and  the  wholesale  power  customer  may  use  many 
thousand  times  more  energy  than  does  the  residential 
customer.  Accordingly,  the  investment  per  kilowatt-hour 
used  by  the  residential  customer  is  many  times  greater 
than  that  of  the  wholesale  customer. 

In  the  residential  service,  the  distribution  transformers 
are  in  small  sizes,  probably  averaging,  in  general,  not  over 
15  kilowatts,  while  for  the  wholesale  power  customer  the 
distribution  transformers  may  individually  reach  sizes  of 
3000  kilowatts,  with  banks  of  them  aggregating  25,000  kilo- 
watts and  higher.  Consequently,  each  unit  of  capacity 
for  these  transformers  costs  much  less  for  the  wholesale 
customer  than  for  the  residential  lighting  customer,  and 
because  of  the  higher  load  factor  of  the  wholesale  customer 
the  unit  of  energy  may  be  sold  to  him  at  a  far  lesser  cost 
than  that  sold  to  the  residential  customer. 

Again,  in  the  matter  of  metering  energy,  one  meter  only 
may  be  required  for  either  the  residential  or  the  wholesale 
customer,  but  while  the  residential  customer  is  taking  only 
tens  of  kilowatt-hours  the  wholesale  customer  may  be 
using  many  thousands  of  kilowatt-hours  and,  therefore, 
the  unit  cost  per  kilowatt-hour  for  reading  the  meters  is 
many  times  more  for  residential  than  for  wholesale  power 
customers. 

3.  To  serve  a  residential  customer  with  a  unit  of  energy, 
the  power  company  must  generate  more  energy  than  is 
required  to  deliver  that  same  unit  of  energy  to  a  wholesale 
power  customer,  because  of  the  core  (iron)  losses  of  the 
distributing  transformers.  These  losses  continue  every 
minute  of  the  day,  whether  or  not  the  customer  is  using 
energy  and,  consequently,  the  residential  customer  who 
makes  but  a  short  use  of  his  energy  has  proportionately  a 
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much  larger  loss  than  has  the  wholesale  power  customer, 
who  utilizes  the  service  over  a  far  longer  period. 

In  extreme  cases,  the  loss  of  power  in  supplying  residen- 
tial customers  may  reach  as  high  as  50  per  cent  of  the  energy 
which  he  actually  uses,  while  for  the  wholesale  power  cus- 
tomer the  loss  may  be  as  low  as  5  per  cent.  On  the  average, 
these  figures  would  be  25  per  cent  for  the  residential  service 
and  10  per  cent  for  wholesale  power.  The  cost  of  maintain- 
ing the  equipment  provided  for  the  residential  customer  is 
larger  by  far  than  that  for  the  wholesale  power  customer, 
because  there  is  more  of  it  to  maintain  per  unit  of  energy 
sold,  also  because  it  pertains  to  the  smaller  sizes,  which 
are  much  more  costly  per  kilowatt  of  capacity  to  handle. 

4.  For  that  class  of  expense  known  as  utilization  expense, 
again,  the  cost  is  many  times  more  for  residential  than 
for  wholesale  power  customers.  It  takes  a  man  just  as 
long  to  read  a  meter  recording  the  use  of  25  kilowatt-hours 
per  month  as  it  does  for  him  to  read  a  meter  recording  the 
use  of  1,000,000  kilowatt-hours  per  month.  Also  but  little, 
if  any,  more  time  is  required  for  the  inspection  of  the  service 
connections  of  the  wholesale  power  customer  than  for  the 
same  inspection  for  residential  customers.  The  same 
holds  true  for  meter  testing. 

5.  Again  as  to  general  expenses,  it  costs  little,  if  any, 
more  for  the  accountant  to  post  and  make  out  bills  for  the 
wholesale  customer  than  for  the  residential  customer, 
while  the  former  may  have  used  hundreds  and,  in  some  cases, 
thousands  of  times  the  amount  of  energy  that  has  been  used 
by  the  residential  customer.  Service  complaints  usually 
lie  in  the  residential  zone.  The  wholesale  user  keeps  and 
checks  costs,  and  very  seldom  presents  a  complaint,  and  if  he 
does  it  is  usually  upon  good  grounds  which  lead  to  a  quick 
settlement.  The  residential  customer  generally  has  a  good 
deal  to  say  but  usually  is  not  fortified  with  well-founded 
grounds. 

With  the  other  items  of  general  expense,  cost  is  more 
nearly  proportional  to  the  customer  than  to  the  energy 
sold,   thus  making  the  kilowatt-hour  cost    to    the    resi- 
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dential  customer  higher  by  many  times  than  to  wholesale 
customers. 

It  is  hoped  that  the  diagram  with  this  supplementary 
text  may  offer  a  reasonable  explanation  for  the  higher  rates 
that  must  necessarily  be  charged  for  residential  power. 
It  seemed  incumbent  that  some  such  explanation  be  pre- 
sented in  view  of  the  most  unjust  paragraph  on  page  11  of 
the  Giant  Power  Report  to  the  Commonwelath  of  Penn- 
sylvania, and  Governor  Pinchot's  message  of  transmittal 
of  that  report,  previously  quoted. 

This  is  the  kind  of  propaganda  which,  in  my  opinion, 
the  American  public  is  about  ready  to  discard,  in  favor  of 
common  sense. 


CHAPTER  XI 

FEDERAL  POWER  COMMISSION 

Although  the  need  of  a  commission  to  regulate  the  use  of 
our  inland  waterways  for  water  power  and  navigation  has 
been  appreciated  for  many  years,  and  was  specifically 
referred  to  in  President  Roosevelt's  message  to  Congress  on 
February  26,  1908,  it  was  not  until  1920,  after  many 
unsuccessful  attempts  to  effect  needed  legislation,  that  the 
present  Federal  Power  Commission  was  created  by  Act  of 
Congress.  President  Roosevelt  in  his  message  of  1908 
made  the  following  points: 

"It  is  poor  business  to  develop  a  river  for  navigation  in  such  a 
way  as  to  prevent  its  use  for  power,  when  by  a  little  foresight 
it  could  be  made  to  serve  both  purposes.  We  cannot  afford 
needlessly  to  sacrifice  power  to  irrigation  or  irrigation  to  domestic 
water  supply  when  by  taking  thought  we  may  have  all  three. 
Every  stream  should  be  used  to  the  utmost.  No  stream  can  be 
so  used  unless  such  use  is  planned  for  in  advance.  When  such 
plans  are  made  we  shall  find  that,  instead  of  interfering,  one  use 
can  often  be  made  to  assist  another.  Each  river  system,  from 
its  headwaters  in  the  forest  to  its  mouth  on  the  coast,  is  a  single 
unit  and  should  be  treated  as  such.  Navigation  of  the  lower 
reaches  of  a  stream  cannot  be  fully  developed  without  the  con- 
trol of  floods  and  low  waters  by  storage  and  drainage.  Naviga- 
ble channels  are  directly  concerned  with  the  protection  of  source 
waters  and  with  soil  erosion,  which  takes  the  material  for  bars 
and  shoals  from  the  richest  portions  of  our  farms.  The  uses  of 
a  stream  for  domestic  and  municipal  water  supply,  for  power, 
and  in  many  cases  for  irrigation,  must  also  be  taken  into  full 
account  ...  If  the  policy  of  waterway  improvement  here 
recommended  is  carried  out,  it  will  affect  for  good  every  citizen 
of  the  Republic.  The  National  Government  must  play  the 
leading  part  in  securing  the  largest  possible  use  of  our  waterways; 
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other  agencies  can  assist  and  should  assist,  but  the  work  is  essen- 
tially national  in  its  scope." 

The  Federal  Power  Commission  is  composed  of  the  Secre- 
tary of  War  as  Chairman,  together  with  the  Secretary  of  the 
Interior,  the  Secretary  of  Agriculture,  and  an  Executive 
Secretary.  The  latter  post  has  been  ably  filled  by  Mr. 
0.  C.  Merrill  since  the  creation  of  the  Commission.  Its 
Fourth  Annual  Report,  for  the  fiscal  year  ended  June  30, 
1924,  was  issued  in  the  latter  part  of  that  year. 

After  four  years  of  operation  the  powers  given  to  the 
Commission  in  the  Act  seem  adequate  and  sufficient  to 
carry  out  the  purpose  for  which  it  was  created,  except  for 
the  fact  that  the  necessary  funds  have  not  been  provided 
heretofore  to  make  the  work  effective.  Quoting  from  page 
9  of  the  Fourth  Annual  Report : 

"Given  adequate  authority  under  the  Federal  Water  Power  Act 
to  carry  out  the  program  so  long  advocated,  the  commission  has 
not  been  given  the  means  to  do  so.  Deprived  by  a  decision  of 
the  Comptroller  of  the  Treasury  of  the  authority  to  employ  its 
own  personnel,  it  might  have  organized  the  work  through  the 
several  departments  had  not  its  appropriations  been  progressively 
cut  until  the  less  than  $40,000  per  annum  allowed  it  is  insufficient 
for  permits  and  licenses  alone.  These  cuts  have  been  made 
notwithstanding  the  fact  that  the  Act  provides  that  the  cost 
of  its  administration  shall  be  paid  by  those  who  secure  licenses 
under  it,  a  provision  which  would  make  it  possible  to  accomplish 
a  program  of  river  studies  without  any  direct  charge  against  the 
Federal  Treasury. 

"No  better  use  could  be  made  of  the  charges  collected  for 
defraying  costs  of  administration  than  to  employ  them  in  pre- 
paring plans  of  the  character  advocated  for  so  many  years. 
Enabling  legislation  such  as  the  commission  urged  in  its  third 
annual  report  is,  however,  necessary.  A  measure  which  would 
effect  this  purpose  was  introduced  into  the  Sixty-eighth  Congress 
by  Senator  Ransdell,  of  Louisiana,  as  Senate  bill  No.  3328. 
Such  legislation,  if  enacted,  would  make  it  possible  to  carry  out 
the  purposes  expressed  in  the  Federal  Water  Power  Act  through 
contributions  which  the  Act  authorizes  to  be  used  for  such  pur- 
poses.    The  commission  believes  that  the  need  for  comprehensive 
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plans  of  combined  power  and  navigation  use  of  our  rivers  and 
for  increased  production  of  electric  power  has  never  been  so 
urgent  as  now.  It  believes  the  cost  of  such  plans  would  be 
returned  many  times  over  in  the  creation  of  new  national  wealth, 
and  that  to  fail  to  act  when  means  are  available  without  the 
necessity  of  calling  upon  the  Federal  Treasury  would  evidence 
a  serious  lack  of  business  foresight." 

A  brief  summary  of  applications  and  licenses  granted  to 
June  30, 1924,  appears  below.  Since  June,  1924,  many  addi- 
tional applications  have  been  filed  and  a  number  of  impor- 
tant licenses  granted. 

Total  number  of  applications  received 557 

Projects  under  license 151 

Projects  under  preliminary  permit 74 

Applications  rejected  or  canceled  (includes  permits  and  licenses 

terminated) 192 

Applications  suspended  for  reasons  beyond  control  of  applicant 

or  commission 34 

Applications  pending  (under  investigation,  etc.) 106 

557 

Of  the  151  active  licenses,  66  are  for  transmission  lines. 
The  status  of  the  remaining  85  licenses  is: 

Constructed 41 

Under  construction 32 

Construction  not  started 12 

It  should  be  noted  that  the  557  applications  do  not 
represent  557  different  projects,  as  some  are  conflicting  for 
the  same  projects  wholly  or  in  part. 

If  ever  there  was  a  place  where  government  could  help 
business,  this  department  is  the  one  in  which  it  could  be  done. 
Here  is  a  situation  where  control  and  not  ownership  is 
involved.  Is  it  good  business  to  build  a  laboratory  and  then 
not  provide  the  funds  necessary  to  its  operation  and  annual 
maintenance,  nor  provide  the  proper  technical  assistance  for 
its  director  ?  No  ?  Well,  that's  what  can  be  charged  against 
our  Federal  legislators  at  the  moment  "Uncle  Sam"  prates 
much  about  "his"  water  powers  and  the  protection  of  them. 
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It  would  be  good  business  to  give  this  Commission  more 
funds  with  which  to  do  its  work.  Had  some  of  our  U.  S. 
Senators  and  Congressmen  seen  its  Executive  Secretary 
(Mr.  0.  C.  Merrill)  representing  this  country  in  London  at 
the  World's  Power  Conference  possibly  they  would  have 
forgotten  politics  long  enough  to  back  up  his  recommenda- 
tions. At  this  writing  I  hear  Mr.  Merrill,  overworked 
and  discouraged  (not  because  of  his  own  compensation  but 
with  an  Elephant  of  political  inertia  blocking  the  usefulness 
and  efficiency  of  his  Department),  is  resigning.  Once  more 
our  politicians  ''wisely"  make  their  savings  at  the  spigot 
and  waste  at  the  bung.  Compare  this  penny-wise,  pound- 
foolish  policy  with  the  $50,000,000  annual  cost  of  our  U.  S. 
Shipping  Board,  which  is  permitted  to  continue. 


CHAPTER  XII 
FINANCING  SUPERPOWER 

Superpower,  as  previously  stated,  is  not  a  corporation — 
it  is  a  formula  of  procedure,  in  which  is  associated  the  opera- 
tion of  large  generating  and  high-voltage  transmission 
equipment.  It  is  the  carrying  out  on  a  much  higher  scale  of 
accomplishment,  operations  already  effective  in  the  general 
field  of  electric  power  production.  It  differs  from  the  past 
procedure  only  in  the  fact  that  it  is  regional  rather  than 
a  district  expansion  of  electric  power  production.  Appara- 
tus of  a  like  but  larger  dimension  must  be  used.  To  pass 
from  district  to  regional  expansion  will  be  to  live  into  the 
larger  corporate  and  electrical  structures  of  the  future. 
Except  as  to  one  or  two  fundamental  principles  previously 
pointed  out  operations  in  the  superpwer  field  will  be  but 
little  removed  from  those  in  the  past  which  have  been  prac- 
ticed in  a  rather  local  field. 

There  will  be  no  especial  difference  between  the  financial 
structure  to  be  associated  with  superpower  and  those 
associated  with  our  present  electric  utility  companies. 
Of  course,  there  are,  due  to  the  varying  conditions  which 
surround  old  or  new,  or  the  combination  of  old  and  new 
companies,  financial  structures  which  will  differ  in  the  rela- 
tions of  senior  and  junior  securities.  It  may  be  said,  how- 
ever, that  public  opinion  has  set  one  fundamental  rule  which 
must  be  recognized,  and  it  is,  that,  after  a  reasonable  value 
has  been  assigned  to  any  public  service  property,  or  prop- 
erties, then  the  charges  associated  with  the  service  to  be 
rendered  shall  be  such  as  to  permit  a  reasonable  return  on 
the  investment  involved.  As  an  average,  this  return  has 
been  agreed  upon  as  about  8  per  cent  and  it  is  at  this  point 
that  we  can  properly  touch  upon  the  value  of  initiative — 
the  leven  of  American  progress. 

166 


FINANCING  SUPERPOWER  167 

Since  this  8  per  cent  applies  to  the  valuation  of  the  entire 
property  or  properties  involved,  then,  based  upon  the  prem- 
ises of  good  management  and  good  financing,  it  becomes 
possible,  by  prorating  the  property  securities  between 
mortgage  bonds,  preferred  stocks,  and  common  stocks,  for 
the  equity  or  junior  stockholders  to  enjoy  a  higher  return 
than  the  aforementioned  8  per  cent,  and  by  good  manage- 
ment and  a  well-established  record  of  service  to  the  public, 
a  strong  credit  can  be  created  which  will  tend  to  reduce  the 
interest  rate  on  the  mortgage  bonds.  It  follows,  of  course, 
that,  in  proportion  to  the  reduction  of  the  interest  rate  on 
the  mortgage  bonds,  the  fixed  annual  saving  thus  made  can 
bring  about  a  higher  return  on  the  common  stock  holdings. 

Here  is  where  the  fundamental  difference  between 
public,  or  what  is  better  described  as  political,  ownership 
and  private  operation  lies.  In  the  former,  the  opportunity 
for  gain  is  eliminated.  There  is  one  class  of  security,  and  it 
is  a  bond  backed  by  a  Federal,  State,  or  Municipal  credit. 
It  might  be  well  said  that  with  the  privately  owned  utilities 
there  is  a  regulated  gain,  while  with  the  politically  owned  an 
unregulated  loss.  In  political  ownership  all  incentive  to 
individual  gain  is  eliminated,  and,  in  turn,  the  situation  is 
robbed  of  the  chance  of  individual  failure,  since  any  deficit 
is  met  by  additional  taxation  not  observable  by  the  taxpayer, 
for  the  annual  losses  are  hidden  in  succeeding  operating 
and  construction  accounts.  Because  of  these  conditions 
private  ownership  has  always  proved  itself  to  be  the  better 
tool  with  which  to  render  a  public  service  and  because  of 
these  reasons,  while  numerically  nearly  half  of  the  electric 
companies  in  the  United  States  are  of  the  municipal  order, 
yet  of  the  total  kilowatt-hours  of  output  they  contribute 
but  5  per  cent.  So  small  and  inefficient  are  these  plants 
that  hundreds  of  them  have  been  voted  to  be  scrapped  or 
sold.  It  has  always  been  true  that  a  small  minority  can  make 
a  noise  quite  out  of  proportion  to  that  of  its  complementary 
majority,  and  it  is  not  because  the  facts  in  the  case  are  not 
always  there  to  offset  the  noise,  but  the  difficulty  lies  in 
being  able  to  register,  amidst  the  din,  these  facts  upon  the 
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public's  mind.  While  not  for  a  moment  wishing  to  convey 
the  idea  that  in  some  cases  a  minority  may  not  be  right, 
still  in  this  matter  of  the  production,  transmission,  and 
distribution  of  electric  energy  the  majority  is  not  in  favor 
of  their  illogical  agitation,  especially  in  view  of  the  rec- 
ords for  efficient  service  that  have  been  established  in 
this  field. 

The  American  public  has  learned  to  appreciate  the  differ- 
ence between  public  service  corporations  and  other  business 
undertakings.  The  annual  gross  earnings  of  public  service 
corporations  amount  generally  to  less  than  one-fifth  of 
the  money  invested,  while  in  the  business  world  annual 
profits  may  even  exceed  the  amount  invested. 

The  bases  behind  these  two  operations  are  entirely  differ- 
ent. Mercantile  business  is  a  field  of  unrestricted  competi- 
tion and  without  public  regulation.  The  commodities  dealt 
with,  while  they  may  be  of  importance  to  the  public, 
are  none  the  less  greatly  diversified  and  not  necessarily  vital 
to  the  community  interest.  Prices  follow  the  law  of  supply 
and  demand,  and  such  enterprises  fall  into  a  class  of  the 
survival  of  the  fittest.  Electrical  energy,  gas,  and  water 
supply,  however,  are  deemed  public  necessities,  and  within 
specified  zones  exclusive  franchises  are  granted  and 
competition  is  eliminated,  but  with  it  there  is  public 
regulation. 

In  the  mercantile  field,  a  great  business  can  be  built  up  by 
successful  management  to  yield  very  large  profits. 

The  electric  utilities,  on  the  other  hand,  while  required  to 
render  the  best  possible  service  to  the  public,  since  they 
furnish  what  is  deemed  an  essential  service  to  the  com- 
munity, can  receive  only  a  limited  return  on  valuation, 
and  accretions  to  valuation  are  thus  limited. 

The  electric  utility  company  is  permitted  to  earn  only  a 
certain  amount  on  the  valuation  of  its  property,  for  the 
purpose  of  meeting  interest  on  its  funded  indebtedness  and 
to  pay  limited  dividends  on  its  capital  stock.  Any  remain- 
der goes  to  surplus.  Should  such  surplus  become  too  large, 
the  company  must  voluntarily  lower  its  rates  for  service  or  it 
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will  be  required  by  order  of  the  Public  Service  Commission 
so  to  do. 

It  is  contrary  to  public  policy  to  allow  the  electric  utilities 
to  earn  more  than  is  required  to  meet  interest  payments 
and  to  take  care  of  obsolescence  and  replacement.  All 
expansions  to  plant  must  be  provided  by  the  issue  of  addi- 
tional securities.  In  other  words,  the  annual  return  allowed 
is  a  continuing  factor,  which  is  determined  by  present  or 
future  valuation. 

The  Public  Service  Commissioners,  as  a  regulating  body, 
pass  upon  all  proposed  extensions,  and  all  new  security 
issues  must  be  authorized  by  them,  whether  in  the  form  of 
stocks  or  bonds.  The  capital  structure  is  increased  only 
in  proportion  to  the  expansion  of  property;  therefore,  while 
the  electric  utility  companies  grow  in  size,  there  is  no 
material  rise  in  the  quotations  on  their  senior  and  preferred 
securities,  since  their  value  has  been  predetermined.  In 
the  case  of  the  common  stock,  however,  there  may  be 
enhanced  prices  if  the  stability  of  the  company  enables  it 
to  raise  funds  on  senior  securities  bearing  low  interest  rates, 
thus  permitting  larger  returns  on  the  common  stock. 

It  is  not  within  the  province  of  this  book  to  enter  into  an 
extended  discussion  concerning  the  best  mode  of  financing, 
and  the  only  object  in  touching  upon  the  subject  briefly  was 
to  present  one  or  two  of  its  fundamental  aspects.  It  would 
seem  desirable,  however,  to  refer  to  two  classes  of  mort- 
gages that  are  in  use.  One  is  known  as  the  ''closed," 
and  the  other  as  the ' '  open, ' '  mortgage.  The  open  mortgage 
is  fast  replacing  the  older  type  in  electric  utihty  financing. 
The  closed  form  of  mortgage  is  quite  suitable  when  applied 
to  a  property  where  the  value  does  not  change — as,  for 
example,  to  a  farm  or  building.  Should  the  owner  wish  to 
raise  additional  money  on  property  of  this  character  a 
second  mortgage  may  be  written,  but  this  takes  second 
place  to  the  first;  i.e.,  in  case  of  foreclosure  the  first  mort- 
gage has  precedence  as  to  assets  over  the  second.  It  can 
be  seen  that  mortgages  of  this  character  are  inapplicable  to 
electric  utility  companies  because  of  the  necessity  of  con- 
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stantly  expanding  the  property  and  plant.  As  a  result  the 
''open"  type  of  mortgage  has  been  introduced  and  is  now 
generally  issued  in  connection  with  the  electric  utility 
business. 

Now  in  respect  to  the  open  mortgage :  A  trust  company 
is  appointed  to  represent  the  bond  owners  and  holds 
legal  title  to  the  mortgage  deed.  As  physical  expansion 
of  the  property,  or  properties,  over  which  the  deed  applies 
takes  place,  additional  bonds  are  issued  under  this  same 
deed  of  trust  in  amounts  authorized  by  the  State  regulating 
bodies.  Under  this  plan  interest  rates  can  be  varied  for 
the  various  issues — being  governed  by  the  state  of  the  money 
market  when  sold. 

It  is  of  further  interest  to  note  also  that  the  bonds  first 
issued  on  the  deed  of  trust  take  no  prior  position  as  to 
preferred  assets  over  subsequent  issues,  the  only  require- 
ment being  that  values  must  stand  behind  the  bonds  at 
the  time  of  their  issue.  It  can  be  seen  that  this  substitu- 
tion of  the  open  for  the  closed  mortgage  has  greatly  facili- 
tated the  financing  of  electric  utility  companies  to  permit 
expansion. 

Unquestionably,  the  application  of  brains  in  initiative  is 
responsible  for  a  large  part  of  our  progress  and  wealth. 
Destroy  initiative  and  the  backbone  of  a  nation  is  broken. 
Our  citizens  have  equal  rights  to  "life,  liberty,  and  the 
pursuit  of  happiness,"  but  there  are  some  who  do  not 
appreciate  the  fact  that  their  happiness,  in  this  country, 
depends  upon  a  recognition  of  an  inequality  of  brains. 
It  is  they  who  make  wild  claims  to  the  possession  of  things 
which  they  cannot  create.  It  is  they  who  do  not  appreci- 
ate that  those  who  have  created  such  things  are  sharing 
their  benefit  with  others. 

Fortunately,  that  deep,  dependable  common  sense  of  the 
people  at  large  carries  with  it  a  mollifying  and  retarding 
inertia  to  the  recommendations  of  the  more  radical.  We 
must  not  fail  to  remember  that  we  have  been  unusually 
blessed  with  opportunity,  but  we  should  condemn  the 
lamentable  stupidity  exhibited  in  the  inroads  made  on  our 
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natural  resources.  There  is  no  need  to  be  specific.  The 
facts  are  only  too  evident. 

How  is  all  this  even  remotely  associated  with  financing? 
might  be  asked.  In  presenting  the  foregoing  thoughts, 
they  have  all  been  in  association  with  the  initiative  in  its 
relation  to  the  equity  stockholders  of  our  American  electric 
utility  companies.  Those  who  invest  their  savings  in 
enterprises  which  they  believe  will  enhance  national  prog- 
ress and  wealth,  but  with  the  chance  that  they  will  be 
wiped  out  if  their  judgment  is  wrong,  are  those  to  whom,  in 
my  opinion,  the  greatest  reward  should  come  if  their  judg- 
ment has  been  correct.  As  such  may  be  described  the 
Americans  who  are  the  holders  of  the  equity  (junior)  stocks 
of  our  electric  utility  companies.  They  carry  the  voting 
power  of  their  companies,  for  theirs  is  the  responsibility 
for  the  development  of  policies  which,  when  exercised,  must 
first  bring  to  the  bond  and  preferred  shareholders  full 
interest  returns  upon  their  securities,  before  a  single  dollar 
can  be  paid  on  the  junior  securities  which  they  hold. 

Can  we  begrudge  a  possibly  larger  return  to  them,  knowing 
that  periods  occur  when  such  returns  must  be  foregone  in 
order  that  the  other  obligations  may  be  paid?  It  is  these 
very  men  who  are  the  leaders— captains  of  industry. 
It  is  because  of  them  that  this  country's  inventory  of  wealth 
marshals  over  $300,000,000,000.  It  is  because  they  have 
been  accorded  the  opportunity  to  practice  initiative.  The 
high  individual,  but  relatively  small  total,  value  of  the 
common  or  equity  stocks  which  these  men  possess,  even 
when  taken  en  masse  is  but  a  small  per  cent  of  the  total 
wealth  of  the  nation. 

In  describing  the  foregoing  financial  policy,  approved 
by  the  Public  Service  Commissioners,  and  followed  by  the 
American  public  utilities,  it  can  be  said  that  the  nation  has 
prospered.  The  record  of  results  shows  that  electric  energy 
in  this  country,  in  ever-increasing  amounts,  is  being  gen- 
erated and  delivered  to  the  American  public  at  rates  which 
are  being  lowered  in  the  face  of  the  rising  labor  and  com- 
modity costs  incident  to  the  creation  of  that  energy. 
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Co-ordination  is  the  practice  of  co-operation.  Super- 
power involves  the  physical  co-ordination  of  electric 
utility  companies,  but  no  less  does  it  involve  financial 
co-ordination  We  often  hear  the  term  "Holding  Com- 
pany," and,  while  the  term  is  full  of  meaning  to  financial 
men,  perhaps  it  may  not  be  so  understandable  to  the  man 
on  the  street,  and,  as  the  Holding  Company  plan  offers  a 
financial  structure  lending  itself  to  corporate  and  financial 
consolidation,  it  may  be  well  to  describe  how  it  functions. 

A  Holding  Company,  as  its  name  indicates,  is  one 
that  owns  securities  of  operating  companies,  sometimes 
called  underlying  companies.  While  Holding  Company 
securities  may  be  of  a  varied  character,  namely  bonds,  notes, 
preferred  stock,  and  common  stock,  nevertheless  an  essen- 
tial element  is  nearly  always  involved,  viz.,  that  it  owns  a 
majority  or  voting  control  of  the  common  stock.  The 
question  naturally  arises  as  to  how  the  Holding  Company 
plan  may  be  applied  to  Superpower.  Some  of  the  more 
prominent  advantages  that  might  be  mentioned  are: 

1.  A  Holding  Company,  being  a  centralized  and  larger 
organization,  is  in  a  position  to  employ  or  retain  the 
highest  order  of  managerial,  engineering,  and  legal  talent, 
and,  thus  equipped,  there  becomes  applicable  to  each  of 
the  smaller  companies  it  controls  the  valuable  judgment 
of  men  whose  experiences  are  not  circumscribed  by  the 
atmosphere  of  just  one  (local)  company,  but  who  operate 
in  several  fields  of  a  diversified,  and  thus  broader  and  more 
valuable,  nature.  The  problems  of  one  company  reappear 
in  those  of  another,  and  short  cuts  to  their  solution  are 
developed  in  the  minds  of  such  men. 

2.  Industrial  decentralization  is  a  matter  of  prime  impor- 
tance in  this  country.  Through  the  Holding  Companies 
one  community  can  build  up  another,  since  the  return 
from  the  securities  of  the  larger  or  more  prosperous  com- 
panies of  a  group  may  be  used  to  support  the  smaller, 
until  they  have  attained  growth  and  have  become  self- 
supporting  and  contributive  to  the  strength  of  its  guardian, 
the  Holding  Company.     Indeed,  many  times  the  difference 
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between  success  and  failure  of  a  smaller  company  may, 
by  reason  of  the  lack  of  its  credit  or  the  inexperience  of  its 
officers,  lie  in  the  fact  that  they  have  not  been  able  to  buy 
or  operate  at  those  lesser  costs  which  would  turn  their  red 
into  black  figures. 

3.  The  Holding  Company,  occuping  a  position  not  unlike 
the  relation  between  the  Federal  Reserve  Bank  and  the 
other  banks  of  this  country,  stands  behind  the  financial 
requirments  of  the  Operating  Companies,  and,  by  virtue 
of  its  better  credit  and  consequently  more  economical 
financing,  the  annual  fixed  charges  of  the  Operating  Com- 
panies are  held  down  to  a  level  lower  than  that  which  would 
obtain  were  these  companies  operating  independently 
of  each  other. 

Other  advantages  might  be  mentioned,  but  these  are 
sufficient  to  indicate  some  of  the  functions  of  the  Holding 
Company. 

Speaking  broadly.  Holding  Companies  may  be  divided 
into  two  classes.  Those  in  which  companies  of  wide  separa- 
tion are  held,  and  those  where  the  companies  held  are 
territorially  related  to  each  other.  The  principles  of 
organization  and  administration  in  either  type,  however, 
are  practically  the  same.  The  Holding  Company  composed 
of  territorially  adjacent  companies  is  the  one  which  may  be 
more  intimately  related  to  the  true  principles  of  superpower, 
and  it  is  perhaps  at  this  juncture,  remembering  what  has 
just  been  said,  where  we  can  lay  emphasis  upon  the  advan- 
tages of  corporate  in  advance  of  physical  co-ordination. 
Holding  Companies  which  control  operations  of  companies 
widely  separated  effect  economies  (annual  savings)  over 
independent  operation  through  the  result  of  consolidations 
in  organization,  administration,  and  financing.  All  of  these 
advantages  apply  to  the  other  type  of  Holding  Company,  in 
which  the  Operating  Companies  are  territorially  adjacent, 
but  to  these  advantages  are  added  those  that  accrue  from 
a  united  physical  structure. 

While,  unquestionably,  the  future  will  see  a  tremendous 
expansion  of  high-tension  trunk  transmissions  throughout 
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the  country,  history  will  repeat  itself  in  prescribing  their 
installation  exactly  as  they  function  within  economic  law. 
Even  today  our  expansions  have  not  permitted  us  to  utilize 
the  full  rail  capacities  that  were  laid  down  by  our  pioneer 
railroad  builders  when  they  gridironed  the  United  States. 
If  it  were  economically  possible,  it  would  be  well  to  pick  up 
some  of  these  rails  and  place  them  at  the  more  congested 
points  of  need.  So  in  this  regard  it  might  be  said  that  at 
many  points  our  rail  capacities  have  not  been  built  in 
proportion  to  the  need.  This  is  a  leaf  out  of  the  book 
of  experience  which  the  electric  utility  companies  have 
recognized.  There  should  be  economic  justification  for 
every  superpower  transmission  line  that  is  erected,  and 
there  will  be.  The  result  of  this  recognition  will  be  the 
building  up,  within  territorial  limits,  of  a  number  of  super- 
power zones,  within  which  zones  the  electric  companies 
operating  will  be  within  physical  reach  of  each  other. 

It  can  be  seen  from  the  previous  description  of  the  Hold- 
ing Company  that  its  underlying  structure  is  similar  to  that 
of  the  Federal  Reserve  Bank,  and  to  the  great  insurance 
companies  of  this  country.  Its  strength  lies  in  mutuality 
of  benefit.  Its  purpose  is  to  make  the  strong  help  the 
weak.  National  stability  does  not  lie  in  intensification 
and  localization  of  wealth,  but  in  increasing  and  decen- 
tralizing it. 

Because  of  better  management,  better  engineering,  and 
better  financing  through  a  central  organization  (the 
Holding  Company)  many  of  the  smaller  Operating  Compa- 
nies have  been  built  up  and  placed  upon  a  solvent  basis,  a 
result  which  would  have  been  impossible  with  independent 
operation. 

The  Operating  Copmanies  are,  as  pointed  out,  under  the 
control  and  regulation  of  the  Public  Service  Commissions, 
and  are  not  permitted  to  earn  more  than  a  reasonable  (say 
8  per  cent)  return  on  their  valuation.  Here,  then,  comes 
the  distinction  between  the  Operating  Companies  and  the 
Holding  Companies.  The  Operating  Companies  are  under 
public  service  regulation.     The  Holding  Companies  do  not 
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fall  in  that  class — they  are  purely  investment  companies. 
Since  they  own  the  majority  of  the  common  stocks  of  the 
Operating  Companies,  then,  if  by  economic  methods  in 
matters  pertaining  to  organization,  management,  and 
finance,  they  can  show  higher  earnings  than  8  per  cent  on 
their  common  stocks,  it  is  natural  that  these  common  stocks 
should  rise  in  prices.  But  again  it  should  be  remembered 
that  these  common  stocks  represent  in  real  value  but  a  small 
per  cent  of  the  total  value  of  the  properties  of  which  they 
are  a  part.  Their  rise  in  value  therefore,  has  no  bearing  or 
effect  upon  the  price  of  power  to  the  consumer,  as  the  profits 
of  the  local  or  operating  companies,  from  which  they  derive 
revenue,  are  under  the  control  of  the  State  Public  Service 
Commissions. 

In  many  cases  the  price  of  these  stocks  has  risen  to 
unwarrantably  high  figures,  simply  because  they  are  being 
traded  in  by  speculators.  Price  and  value  are  two  different 
things.  Greater  returns  on  Holding  Companies'  stocks 
can  be  entirely  justified,  for  there  is  associated  with  them 
a  greater  risk  than  pertains  to  the  senior  securities,  which 
are  preferred  both  as  to  assets  and  dividends. 

It  is  important,  therefore,  to  view  the  Holding  Company's 
structure  from  an  economic  standpoint  in  its  relation  to  the 
people  served.  If  its  senior  and  preferred  securities  as  well 
as  the  rates  from  power  remain  stable,  then  no  harm  can 
come  except  to  those  who  may  be  ill  advised  as  to  the  real 
value  of  the  common  stocks  in  which  they  are  speculating. 


CHAPTER  XIII 
THE  FIELD  OF  SUPERPOWER  AND  ECONOMIC  STUDIES 

Electricity — the  Preferred  Agent  of  Superpower. — 
Primary  power  can  be  developed  in  huge  aggregates  through 
the  medium  of  falling  water,  or  the  generation  of  steam  by 
fuel  combustion.  Mechanical  energy  can  be  obtained  from 
these  sources  by  the  use  of  the  water  wheel  or  steam  engine. 
However,  the  direct  application  of  such  power  is  limited, 
both  as  to  distance  and  to  quantity,  by  the  capacity  of  belt, 
cable,  or  other  drive. 

It  is  only  when  electricity  is  utilized  as  the  conveying 
agency  that  large  units  of  power  can  be  handled  and  great 
distances  spanned.  Electricity  as  a  transmitting  agency  is 
capable  of  manifold  transformations  and  applications. 
It  can  be  more  economically  produced,  more  widely  and 
easily  distributed,  and  more  accurately  measured  and  con- 
trolled than  any  other  form  of  energy  known.  Neither  man 
power  nor  animal  power  can  be  efficiently  consolidated  for 
group  effort.  Ten  horses  cannot  be  united  to  accomplish  10 
horsepower  of  work.  Their  lack  of  co-ordination  is  the 
restricting  element.  Electrical  energy  can  be  consolidated 
or  subdivided  with  equal  ease  and  without  appreciable  loss. 

The  advent  of  water  and  steam  power  necessarily  brought 
about  the  concentration  of  industrial  plants  around  these 
sources  of  power.  Electricity,  with  its  facility  of  distribu- 
tion over  wide  areas,  brings  power  where  it  can  be  most 
effectively  used,  and  will  tend  to  decentralize  our  industrial 
population,  giving  the  worker  better,  cheaper,  and  more 
wholesome  living  conditions. 

Superpower  Zones. — To  facilitate  the  study  of  the  eco- 
nomic conditions  which  will  in  large  measure  determine  the 
boundaries  of  superpower  regional  zones  and  their  develop- 
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ment,  a  series  of  charts  has  been'  prepared,  showing  the 
monthly  output  of  electricity  in  each  of  the  States,  for  the 
years  1920  to  1924  inclusive.  These,  in  turn,  have  been 
grouped  in  ten  geographical  divisions,  which  combine  the 
States  as  far  as  possible  into  groups  with  similar  character- 
istics. These  output  figures,  charted  on  a  semilogarithmic 
scale,  together  with  the  accompanying  data  sheet  (Table  A), 
listing  broadly  the  natural  resources,  chief  industries,  and 
other  economic  information,  give  a  clear  picture  of  present 
conditions  and  the  seeming  possibilities  for  future  growth. 
Attention  is  called  to  the  characteristics  of  the  several  State 
curves,  both  as  to  purely  seasonal  variations  in  demand  and 
those  affected  by  local  industrial  conditions. 

Like  every  prosperous  business,  electric  utility  service 
shows  a  general  upward  trend  corresponding  to  the  natural 
growth  of  the  country,  and  it  exceeds  the  average  rate  of 
improvement  among  the  industries,  because  it  is  fast  replac- 
ing the  isolated  steam  equipment  of  the  past  for  industrial 
power  drive.  And  on  this  point  it  is  of  interest  to  note 
that,  while  the  total  of  power  used  in  connection  with 
isolated  steam  internal-combustion  engines,  water  wheels, 
and  water  motors  has  actually  decreased  between  the 
years  1919  and  1923,  the  total  power  produced  from  electric 
motors  operated  from  purchased  current  has  increased  dur- 
ing that  period  from  9,284,000  to  13,365,000  horsepower, 
an  increase  of  43.8  per  cent. 

Florida,  where  electricity  is  used  almost  exclusively  for 
domestic  service  and  commercial  lighting  (as  the  State  has 
few  industries  with  heavy  power  requirements) ,  is  typical  of 
natural  growth.  For  this  reason,  electric  output  was 
unaffected  by  the  serious  industrial  depression  of  1921. 
All  sections  with  similar  characteristics  are  affected  more  by 
seasonal  demand  than  by  business  conditions. 

Compare  this  uniform  progress  with  the  marked  variations 
shown  in  1921  in  some  of  our  great  manufacturing  States, 
such  as  New  York,  Pennsylvania,  Ohio,  and  Massachusetts, 
where  the  utilization  of  electrical  energy  in  some  months 
actually  fell  far  below  that  of  the  previous  year.     It  has 
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Electric  Energy  Output  of  Electric  Service  Stations  and  Street 
Railways  by  Months 
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Electric  Energy  Output  of  Electric  Service  Stations  and  Street 
Railways  by  Months 


DIVISION       3 


a.   100.000 

O 

X 

I- 
< 

o 


2      tO.OOO 


/^.^r 

.y^^ 

"^ 

\       W.ST 
VlRGiNl* 

MABVLANO 

-^ 

— - 

,>.^ 

SA^en-/^ 

^^^ 

'v,.6,N,A 

j^ 

^./^ 

» KENTUCKY 

v\  /""-^^ 

^^w-' 

^^v — 

(A 

100.000   ^ 

D 

o 

x 

I- 
I- 
< 

o 


10.000      2 

3 


1920 


1921 


1923 


1924 


1925 


Fig.  8. 


THE  FIELD  OF  SUPERPOWER  AND  ECONOMIC  STUDIES     181 
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been  truly  said  that  electrical  energy  output  is  a  most  reli- 
able barometer  of  business  conditions. 

The  State  of  Montana  also  shows  extraordinary  decline 
in  the  use  of  electric  service  in  1921,  due  to  the  sharp  drop 
in  demand  in  that  year  for  copper,  which  constitutes  one  of 
the  principal  resources  of  this  State.  Montana's  electric 
output  in  1921  dropped  to  less  than  one  half  that  of  the 
preceding  year.  This  lessened  use  was  purely  industrial, 
as  domestic  and  lighting  uses  are  not  noticeably  affected  by 
business  conditions.  In  fact,  in  that  same  year  of  lessened 
output  nearly  1,000,000  new  domestic  service  customers 
were  added  in  the  United  States. 

States  like  California,  which  are  large  users  of  power  for 
irrigation,  have  their  annual  peak  load  in  the  summer 
months,  a  season  when  localities  with  large  industrial 
interests  make  the  lowest  demand.  All  these  data  point  to 
diversity  of  load  as  the  ideal  way  to  improve  the  annual  load 
factor  and,  by  the  same  token,  to  effect  more  economical 
production  of  energy. 

For  the  convenience  of  reference  in  allocating  the  resources 
and  industries  of  the  country,  the  accompanying  Table  A 
is  presented,  and  it  will  be  noted  that  the  data  sheet  con- 
forms to  the  same  ten  natural  divisions  used  in  the  charts 
following,  which  graphically  present  the  amount  of  power 
production. 

Were  charts  indicating  the  average  growth  of  all  industry 
of  the  country  plotted,  it  would  be  found  that  these  would 
not  rise  quite  so  sharply  as  do  the  curves  representing  the 
growth  of  power  used  in  these  ten  divisions  of  the  country, 
because  of  the  rapid  discontinuance  of  isolated  power  machin- 
ery, as  previously  pointed  out,  in  favor  of  the  use  of  central 
station  replacement.  In  a  study  recently  made  by  Mr. 
Theodore  D wight,  the  subject  of  which  was  ''Electrical 
Energy  Output — A  Barometer  of  Business  Conditions,"  he 
used  these  words:  "Electricity  is  the  sole  commodity  which 
is  created  and  measured  only  as  it  is  put  to  useful  work." 

Industrial  States  show  the  greatest  consumption  of  elec- 
tric current  during  the  winter  months.     This  is  true  of 
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New  York,  New  Jersey,  Massachusetts,  Illinois,  and  other 
States  carrying  large  industrial  load.  On  the  other  hand, 
in  States  where  agriculture  is  the  dominating  industry  a 
reverse  condition  obtains,  and  we  find  the  greatest  power 
consumption  occurring  during  the  summer  months.  The 
diagram  below  (Fig.  16)  which  compares  the  States  of  New 
York,  and  Pennsylvania,  with  California,  exposes  these 
facts,  and  the  recommendation  automatically  presents 
itself  that  neighboring  States  offering  such  diversity  of 
demand  should  have  their  power  systems  interconnected. 


J  800 


ENERGY   OUTPUT 

IN  KILOWATT  HOURS 

PUBLIC  UTILITY  PLANTS 


To  give  a  general  idea  of  the  progress  in  the  use  of  electrical 
energy  between  the  years  1919  and  1924  inclusive,  Fig.  18 
(page  195)  is  presented.  It  shows  the  total  monthly  out- 
put in  the  United  States,  and  is  also  segregated  into  fuel- 
and  waterpower-produced  energy. 

Rate  of  Growth  in  Electric  Energy  Output. — Between  the 
years  1920  and  1922  the  country  suffered  a  sharp  business 
depression.  No  greater  evidence  of  this  fact  can  be  depicted 
than  by  using  electricity  as  a  barometer,  and  Fig.  18  is  pre- 
sented to  show  this  result.     On  this  chart  has  been  plotted 
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three  lines  corresponding  to  accumulated  increases  of  8,  9, 
and  10  per  cent.  The  question  is  often  asked  as  to  the 
average  annual  accumulated  increase  of  electric  energy 
output,  and  this  chart  indicates  that,  as  a  conservative 


SJM-mx  JO  suoiil 


figure,  at  least  between  1919  and  1924,  9  per  cent  would 
apply. 

It  is  of  interest  to  note  that,  while  in  1921  and  1922  the 
use  of  energy  dropped  far  below  the  average  figure  above 
mentioned,  by  the  latter  part  of   1922  and  during  the 
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Electric  Energy  Output  of  Electric  Service  Stations  and  Street 
Railways  by  Months 
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whole  year  of  1923  it  had  completely  recovered.  A  sharp 
depression  followed  during  the  first  half  of  1924,  but  since 
that  time  the  demand  for  power  has  increased  in  amazing 
amounts,  and  possibly  future  requirements  may  lift  the 
average  rate  of  9  per  cent  to  a  higher  figure. 

Investment  vs.  Energy  Requirement. — Figure  19  is  pre- 
sented to  show  the  relation  between  capital  investment, 
which  really  stands  for  generating  capacity,  and  electrical 
energy  produced  therefrom,  and  the  area  between  the  two 
lines  plotted  may  be  used  as  an  index  of  margin  between 
generating  capacity  and  the  number  of  kilowatt-hours 
generated. 

Attention  is  called  to  the  fact  that  between  the  years 
1902  and  1917  a  safe  margin  existed.  So  excessive  was  the 
demand,  for  power  following  the  year  1917,  however,  that 
generating  capacity  could  not  be  installed  sufficiently  rapidly 
to  keep  up  with  the  demand;  thus,  from  the  middle  of  the 
year  1918  to  the  middle  of  the  year  1920  a  safe  margin  was 

wiped  out.  At  this  later 
date  however  (fortunately, 
because  the  demand  for 
electric  energy  slackened), 
a  safe  margin  was  again 
restored,  and  since  that 
time,  as  the  curves  show  to 
date,  this  has  been  main- 
tained and  considerable 
reserve,  as  especially  noted 
in  1924,  has  been  estab- 
lished. 

Increase  in  Generating 
Efficiency.  —  Figure  20, 
though  insignificant  in  size, 
is  presented  to  indicate  the  remarkable  progress  the  electric 
utility  companies  have  made  in  the  art  of  economic  power 
production.  A  glance  at  it  will  show  that,  as  of  1922,  there 
was  actually  generated  25  per  cent  more  power  at  a  con- 
sumption of  2.2'per  cent  less  coal  than  was  required  in  1919. 


PERCENT  INCREASE  ELECTRICAL  OUTPUT 
STEAM  GENERATED  1919-1922  AND 
PERCENT  DECREASE  COAL  USED. 
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Characteristics  of  Water  and  Fuel  Generation,  1922. — 

The  relation  of  capacity  to  energy  output  from  water-  and 
fuel-produced  power  in  the  various  geographical  sections 
of  the  country  may  be  visualized  from  Fig.  21.  As  the 
chart  is  somewhat  novel,  perhaps  the  best  interpretation  of 


CHARACTERISTICS  OF  WATER  Q.    FUEL,  GENERATION 
a  CAPACITY  IN  GEOGRAPHICAL  DIVISIONS  OF  THE  UNITED  STATES. 


Fig.  21. 


it  is  secured  by  especial  reference  to  two  of  the  cases.  In 
the  Mountain  Pacific  section  (No.  7  in  the  upper  left-hand 
corner  of  the  chart)  it  is  seen  that  73  per  cent  of  the  generat- 
ing capacity  (kilowatt)  was  in  water-wheel  machinery, 
and  86  per  cent  of  the  electrical  energy  (kilowatt-hour) 
was  produced  from  that  capacity.     The  complement  of  this 
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statement  is  found  in  the  lower  right-hand  corner,  where 
index  7  indicates  that  the  total  capacity  of  steam-generating 
equipment  was  27  per  cent  while  the  output  from  this 
source  was  only  14  per  cent.  These  data  indicate  the 
strength  of  the  water-power  situation  in  the  Mountain 
district.     (These  conditions  were  taken  for  the  year  1922.) 

Now  taking  up  the  South  Atlantic  division  (index  4), 
it  is  seen  that  the  water-wheel  generating  capacity  (kilo- 
watt) was  42  per  cent,  while  the  energy  output  from  this 
source  was  less  than  41  per  cent.  The  steam-generating 
capacity  was  58  per  cent  and  the  output  from  this  source 
was  a  little  more  than  59  per  cent.  As  characteristic  of 
these  territories,  it  should  be  remembered  that  in  the 
Mountain  division  melting  snow  and  large  artificial  reser- 
voirs permit  the  high  rating  of  energy  output  with  the  water- 
power  installed  generating  equipment,  while  in  the  South 
Atlantic  section,  of  course,  no  advantage  can  be  taken  of 
the  snow,  storage  basins  are  small,  and  extreme  variation  in 
seasonal  stream  flow  occurs.  The  central  portion  of  the 
chart  indicates  very  clearly  the  factors  which  influence  the 
water-  and  fuel-driven  capacities  for  the  different  divisions. 

As  indicated  on  the  chart,  it  should  be  remembered  that 
the  arrowed  lines  are  not  used  for  any  purpose  other  than 
to  simplify  the  interpretation  of  the  chart. 

Large  Generating  Systems. — On  page  156  of  the  report 
entitled  "A  Superpower  System  for  the  Region  between 
Boston  and  Washington,"  Fig.  25  gives  the  trend  of  increas- 
ing load  factors,  and  it  is  to  be  noted  that  as  of  1919  the 
average  load  factor  for  the  superpower  zone  was  shown  to 
be  39  per  cent,  and  it  was  the  opinion  of  the  engineers  of 
that  report  that  as  of  1930  the  load  factor  of  the  zone  would 
reach  47  per  cent.  It,  therefore,  has  occurred  to  the  author 
that  it  would  be  of  interest  to  indicate  the  load  factors  of 
some  of  the  larger  systems  in  this  country,  and  the  table 
which  follows  gives  the  load  factors  of  50  of  these  for  the 
years  1922,  1923,  and  1924. 

It  is  to  be  remembered  that  this  table  includes  only  the 
larger  companies,  but  companies  of  this  character,  when 
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Peak  and  Annual  Load  Factor  for  Largest  Generating  and  Dis- 
tributing Systems  in  the  United  States 
1922,  1923  and  1924 


Company 


Peak 
load, 
kilo- 
watts, 
nearest 
thou- 
sand 


An- 
nual 
load 
factor, 
per 
cent 


1923 


Peak 
load, 
kilo- 
watts, 
nearest 
thou- 
sand 


An- 
nual 
load 
factor, 
per 
cent 


1924 


Peak 
load, 
kilo- 
watts, 
nearest 
thou- 
sand 


An- 
nual 
load 
factor, 
per 
cent 


Niagara  Falls  Power  Co 

Commonwealth  Edison  Co , 

N.  Y.  Edison  &  United  Electric  Light  & 

Power  Co 

Pacific  Gas  &  Electric  Co 

Southern  California  Edison  Co 

Detroit  Edison  Co 

Montana  Power  Co 

Public   Service   Electric   Co.    of    New 

Jersey 

Philadelphia  Electric  Co 

Southern  Power  Co 

Average 

Duquesne  Light  Co 

Cleveland  Electric  Illuminating  Co. . . . 

West  Penn  Power  Co 

Mississippi  River  Power  Co 

Alabama  Power  Co 

Buffalo  General  Electric  Co 

Great  Western  Power  Co.  of  California 
Consolidated    Gas,    Electric   Light    & 

Power  Co.  of  Baltimore 

North  American  Co.  (Missouri  system) 
Niagara,  Lockport  &  Ontario  Power  Co 

Average 

Brooklyn  Edison  Co.,  Inc 

Pennsylvania  Power  &  Light  Co 

Puget  Sound  Power  &  Light  Co 

New  England  Power  Co 

Consumers  Power  Co 

North  American  Co.  (Wisconsin  sys- 
tem)  

San  Joaquin  Light  &  Power  Co 

Edison  Electric  Illuminating  Co.  of 
Boston 

Northern  States  Power  Co 

Utah  Power  and  Light  Co 

Average 


329 

78.5 

356 

83.0 

600 

42.4 

624 

47.0 

498 

38.2 

555 

40.4 

294 

62.5 

307 

64.0 

239 

57.2 

312 

55.5 

255 

49.6 

303 

51.2 

136 

81.5 

156 

82.0 

250 

44.0 

282 

43.6 

260 

41.9 

299 

45.2 

233 

49.8 

271 

42.1 

54.56 

55.40 

209 

47.1 

219 

54.4 

181 

43.4 

187 

50.0 

137 

52.7 

181 

59.6 

122 

57.8 

129 

57.8 

153 

45.3 

178 

54.4 

142 

47.2 

154 

53.1 

106 

61.7 

116 

57.6 

139 

46.7 

138 

55.9 

134 

47.2 

154 

45.5 

127 

49.6 

142 

56.8 

49.87 

54.51 

164 

35.9 

180 

39.0 

107 

52.7 

103 

59.4 

106 

51.3 

124 

53.2 

125 

42.7 

139 

47.3 

116 

45.4 

139 

47.8 

134 

38.9 

138 

45.7 

68 

76.1 

73 

72.5 

134 

37.5 

153 

39.1 

149 

50.3 

87 

56.3 

105 

67.4 

43.68 

52.17 

424 
697 

594 
344 
331 
336 
159 

336 
334 

287 


239 
222 
188 
120 
185 
169 
122 

143 
125 

156 


197 
135 
124 
151 
145 

156 
94 

168 
152 
105 


76.7 
45.5 

39.5 
62.7 
57.2 
50.0 
81.6 

41.3 
46.7 
41.7 

54.29 

54.7 
44.3 
60.0 
64.4 
49.8 
51.1 
57.5 

51.5 
50.5 

52.8 

53.66 

39.8 
53.3 
55.4 
42.5 
47.5 

43.5 
59.5 

38.3 
51.6 
81.0 

51.24 
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Peak  and  Annual  Load  Factor  for  Largest  Generating  and 

DisTRiBtJTiNG  Systems  in  the  United  States 

1922,  1923  and  1924 


Company 


1922 


Peak 
load, 
kilo- 
watts, 
nearest 
thou- 
sand 


An- 
nual 
load 
factor, 
per 
cent 


1923 


1924 


Peak 
load, 
kilo- 
watts, 
nearest 
thou- 
sand 


An- 
nual 
load 
factor, 
per 
cent 


Peak 
load, 
kilo- 
watts, 
nearest 
thou- 
sand 


An- 
nual 
load 
factor 
per 
cent 


Washington  Water  Power  Co 

Pennsylvania  Water  &  Power  Co 

Union  Gas  &  Electric  Co 

Public  Service  Co.  of  Northern  Illinois 

Tennessee  Electric  Power  Co 

Portland  Electric  Power  Co 

Los  Angeles  Bureau  of  Power  &  Light. 

Georgia  Railway  &  Power  Co 

Ohio  Public  Service  Co 

Adirondack  Power  &  Light  Corp 

Average 

Narragansett  Electric  Light  Co 

Pennsylvania-Ohio  Electric  Co 

Kansas  City  Power  &  Light  Co 

Potomac  Electric  Power  Co 

Minnesota  Power  &  Light  Co 

Virginia  Railway  &  Power  Co 

Toledo  Edison  Co 

Pennsylvania  Public  Service  Co 

North  West  Utility  Co 

Rochester  Gas  &  Electric  Corp 

Average 

Grand  average,  50  plants 


89 

62.2 

86 

55.8 

78 

83 

51.4 

85 

58.0 

97 

100 

41.8 

107 

46.7 

125 

83 

50.0 

97 

50.3 

102 

83 

48.8 

97 

53.9 

105 

72 

51.5 

81 

51.0 

92 

75 

50.2 

96 

49.7 

100 

80 

45.2 

85 

48.1 

88 

80 

45.1 

92 

51.1 

111 

81 

42.8 

82 

52.5 

108 

47.90 

51.71 

85 

39.9 

88 

48.5 

87 

64 

49.3 

61 

63.8 

69 

59 

48.6 

62 

54.8 

68 

70 

41.1 

70 

45.3 

74 

50 

57.6 

69 

54 

48.4 

62 

48.4 

59 

58 

42.4 

73 

42.7 

77 

48 

43.4 

68 

43 

44.0 

43 

53.7 

74 

53 

41.7 

56 

50.4 
50.86 

56 

35.54 

46.30 

52.93 

62.2 
57.4 
43.4 
53.0 
51.8 
52.0 
52.0 
51.3 
42.9 
43.4 

50.94 

39.0 
56.4 
52.6 
46.9 
56.7 
53.7 
41.5 
51.6 
45.9 
54.1 

49.84 

51.99 


operating  within  a  zone,  will  tend  to  pull  up  the  average 
load  factor  of  the  zone.  The  table  would,  therefore, 
appear  to  check  the  estimate  of  the  Superpower  engineers  as 
conservative. 

The  table  also  brings  out  very  sharply  the  tremendously 
beneficial  effect  to  be  derived  from  the  consolidation  of 
companies  into  unit  systems.  It  is  hardly  necessary  to 
add  that  the  higher  the  load  factor  the  greater  is  the 
opportunity  for  a  reduction  in  unit  cost,  both  in  investment 
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and  in  operating  expenses.     The  load  factors  of  these  com- 
panies reflect  the  business  depression  of  1924. 

In  1924,  50  of  the  largest  company  systems,  with  an 
average  annual  load  factor  of  52  per  cent,  generated  72.5 
per  cent  of  the  total  output  of  that  year  in  the  United  States. 

1923 
DISTRIBUTION  OF  ELECTRIC  SERVICE  STATION  ENERGY 
IN  VARIOUS  DIVISIONS  OF  THE  UNITED  STATES. 
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Distribution  of  Electric  Energy. — There  is  quite  a  diver- 
sity in  the  relative  utilization  of  electricity  in  the  various 
geographical  divisions  of  the  country,  and  Fig.  22  shows 
graphically  the  percentage  used  by  industry,  for  street 
railway  operation,  and  for  lighting. 
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In  the  United  States,  lighting  accounts  for  27.5  per  cent 
of  the  kilowatt-hours  sold,  power  58.1  per  cent,  and  rail- 
ways 14.4  per  cent. 

Nearly  98  per  cent  of  the  population  of  all  towns  of 
more  than  2500  inhabitants  are  now  reached  by  electric 
service  systems.  In  other  words,  all  but  62  of  such  com- 
munities out  of  a  total  of  3022  are  reached.  Over  90 
per  cent  of  our  population  living  in  communities  hav- 
ing Post  Offices  or  City  Postal  Service  are  reached  by  elec- 
tric service  lines.  A  total  of  16,642  communities  are 
reached. 

The  industrial  power  load  of  the  country  is  estimated 
to  be  about  62  per  cent  electrified  and,  of  this  amount, 
65  per  cent  is  carried  by  central  station  service  and  35  per 
cent  by  isolated  plants.  As  an  indication  of  the  vast 
incandescent  lighting  load  the  national  production  of 
lamps  may  be  cited.  When  it  is  considered  that  these 
lamps  average  about  1000  hours  in  life,  the  figures  are  most 
impressive.  In  1924,  489,000,000  lamps  of  all  sizes  were 
manufactured.  Of  these,  214,000,000  were  of  the  vacuum 
type,  64,000,000  were  gas  filled,  1,000,000  were  carbon  (or 
less  than  one-fourth  of  1  per  cent),  and  210,000,000  were 
miniature  lamps. 

Many  conditions  are  peculiar  to  New  York  City  and 
other  large  and  densely  populated  commercial  and  industrial 
communities.  Many  thousands  who  gain  their  livelihood 
in  New  York  City  live  in  Westchester  County  or  across  the 
river  in  New  Jersey,  within  easy  reach  by  electrified  railroad 
service,  subway,  trolley,  or  elevated. 

In  territory  of  this  character,  even  where  manufacturing 
is  extensively  carried  on,  less  current  is  used  for  industrial 
power  than  for  local  transportation.  On  the  other  hand,  in 
our  southeastern  area,  including  Virginia,  West  Virginia, 
North  Carolina,  South  Carolina,  Georgia,  Florida,  Ten- 
nessee, Kentucky,  Alabama,  and  Mississippi,  12  large  power 
companies  whose  interconnected  systems  have  a  capacity  of 
more  than  1,200,000  horsepower  (800,000  hydro-electric, 
400,000  steam  electric)  show  84.2  per  cent  of  the  ouput 
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used  for  industrial  purposes,  only  7.6  per  cent  for  railways, 
and  8.27  per  cent  for  residential  purposes. 

Farms  and  Rural  Service. — It  is  estimated  that  to  reach 
the  6,000,000  farms  not  now  connected  to  electric  service 
lines  would  require  2,000,000  miles  of  distribution  lines — or 
as  much  as  is  used  for  existing  service  for  16,000,000  cus- 
tomers in  this  country.  According  to  the  Department  of 
Agriculture  only  164,347  farms,  or  2}i  per  cent  of  the  total 
number,  are  receiving  central  station  service. 

The  utility  companies  are  only  too  eager  to  extend  this 
service  to  the  farms  wherever  it  can  be  shown  that  this  can 
be  accomplished  on  sound  economic  lines,  and  many  com- 
mittees throughout  the  country  are  now  studying  this 
problem  and  working  towards  its  attainment  wherever  it 
is  found  feasible. 

If  such  service  was  undertaken  by  the  national  Govern- 
ment without  full  consideration  of  the  elements  of  cost, 
maintenance,  and  revenue,  it  would  multiply  the  scandals 
connected  with  the  distribution  of  patronage  similar  to  the 
illogical  development  of  useless  waterways  and  of  ill- 
considered  irrigation  projects. 

Political  expediency  would  dictate  policies,  and  local 
and  bloc  demands  would  greatly  enlarge  the  dimensions  of 
the  notorious  Congressional  pork  barrel. 

All  farms  look  alike  to  the  political  orator  who  is  seeking 
the  support  of  the  rural  vote,  but  it  is  the  height  of  folly  to 
place  all  farms  in  one  class  when  it  comes  to  the  question  of 
their  urgent  need  of  electric  service.  On  the  Pacific  Coast, 
where  the  farms  are  to  a  great  extent  near  the  lines  of  the 
power  companies,  and  where  considerable  power  is  essential 
for  UTigation  pumping,  the  utilities  have  developed  this 
service  both  to  their  own  advantage  and  the  advantage  of 
the  farmer.  These  farms  use  large  blocks  of  power,  and 
have  been  able  to  enjoy  also  the  benefits  of  electricity  for 
lighting  and  for  operating  domestic  appliances  at  low  cost. 
In  certain  sections  of  the  country,  however — notably  in  the 
Eastern  States — the  farms  are  not  equipped  for  mechan- 
ical  power   drive,    do  not  irrigate  extensively,  and  it  is 
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more  economical  for  them,  in  many  cases,  to  use  portable 
farm  machinery  in  community  groups,  and  the  only  heavy- 
duty  electric  equipment  required  would  be  for  the  harvest- 
ing machinery  which  is  utilized  for  only  a  few  hours  of  the 
year.  It  would,  therefore,  not  pay  to  put  in  heavy  electric 
service  lines,  transformers,  meters,  and  large  motors  to  do 
this  intermittent  work. 

The  average  small  farm  is  at  a  considerable  distance  from 
existing  generating  centers  or  their  distribution  lines,  and 
the  actual  cost  of  the  supply  of  current  would  be  many  times 
that  of  electrical  energy  delivered  within  community 
confines.  This  fact  is  overlooked  or  misunderstood  by 
both  Federal  and  State  legislators,  causing  their  arguments 
before  their  respective  constituents  to  be  a  public  menace. 

The  report  of  the  Giant  Power  Survey  Board  of  the 
Commonwealth  of  Pennsylvania  issued  in  February,  1925, 
features  supplying  electricity  to  the  farmer.  Those  who 
read  the  Governor's  foreword  and  the  early  part  of  the 
report,  without  careful  analysis,  will  find  that  it  "listens 
well."  With  a  little  study,  however,  the  fact  develops  that 
sound  logic  is  lacking  and  that  cheap  service  cannot  be 
furnished  to  the  farmer  if  the  Public  Service  Commission 
rules,  which  requires  that  each  class  of  customer  must  pay 
rates  proportionate  to  the  cost  of  such  service,  are  followed. 

Referring  more  specifically  to  the  recommendations  in 
Governor  Pinchot's  message  of  transmittal,  he  advised  that : 

"Farmers'  Mutual  Companies  be  organized  for  the  rural  dis- 
tribution of  electric  power  and  that  they  be  authorized  to  oper- 
ate distribution  systems  and  each  be  empowered  to  tax  and 
borrow  money.  Both  the  Mutual  Companies  and  the  districts 
should  be  served  on  an  equality  with  all  other  distribution  sys- 
tems by  current  from  the  Giant  Power  companies  or  any  other 
generating  stations,  to  be  delivered  over  the  common  carrier 
transmission  lines." 

I  am,  indeed,  in  favor  of  according  the  farmer  the  fullest 
possible  advantage  in  the  use  of  electricity,  but  the  carrying 
out  of  the  plan  suggested  by  Governor  Pinchot,  in  my  opin- 
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ion  would,  instead  of  creating  an  asset  to  the  farmer,  impose 
upon  him  a  serious  liability. 

However,  it  is  hardly  conceivable  that  groups  of  farmers, 
having  no  financial,  engineering,  or  executive  experience, 
should  be  permitted  to  demand  energy  without  adequate 
financial  responsibility  or  guarantee.  The  farmers  should 
have  electricity  wherever  it  is  possible  to  furnish  it  econo- 
mically to  them,  but  they  should  not  get  it  at  the  cost  of 
others  or  at  public  expense  through  general  taxation. 

It  will,  perhaps,  be  of  interest  to  reproduce  a  page  from 
the  Giant  Power  Report  (page  206),  from  which  it  will  be 
seen  that,  if  it  cost  nothing  to  generate  the  power,  the  cost  of 
serving  these  farmers  with  light  and  power  would  be 
Sll,089,17  ($11,790.63  less  distribution  loss  of  $701.46), 
which  would  be  over  twice  the  gross  revenue  received  at  6 
cents  per  kilowatt-hour.  It  is  my  belief  that  the  farmer  does 
not  want  to  get  something  for  nothing.  It  is  certainly  my 
belief  that  the  situation  will  not  include  his  willingness  to 
receive  cheap  electricity  at  the  expense,  as  I  have  said 
before,  of  additional  taxation. 

Hydro -electric  Developments. — In  the  earlier  pages  of 
this  book  reference  has  been  made  to  the  economic  advan- 
tage to  be  secured  from  the  co-ordinate  development  of 
steam-  and  water-driven  generators,  and  in  this  connec- 
tion I  feel  that  it  will  be  of  interest  to  refer  to  three  distinct 
types  of  water-power  development. 

Type  1. — Represented  by  Niagara  Falls  developments 
and  those  planned  for  the  St.  Lawrence  River.  These  are 
almost  unique,  as  they  are  not  subject  to  seasonable  change 
in  flow,  having  the  Great  Lakes  with  their  94,585  square 
miles  of  area  to  feed  them,  backed  by  a  drainage  area  of 
187,179  square  miles.  Their  elevation  above  sea  level 
varies  from  604.3  feet  for  Lake  Superior  to  572.5  feet  for 
Lake  Erie  and  246.2  feet  for  Ontario.  If  the  total  head  of 
572  feet  between  Lake  Erie  and  the  sea  could  be  utilized,  a 
24-hour  capacity  of  over  12,000,000  horsepower  could  be 
developed.  To  do  this,  however,  would  destroy  the  scenic 
value  of  Niagara  Falls.     In  my  opinion,  however,  at  least 
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EXHIBIT  NO.  51 
PINE  TOWNSHIP  ALLEGHENY  COUNTY 
By  Duquesne  Light  Company 

The  purpose  of  this  survey  was  to  determine  the  total  number  of  possible 
users  of  electric  service  in  Pine  Township,  Allegheny  County,  chosen  for 
us  as  a  typical  rural  community,  to  classify  them  as  to  the  probable  extent  to 
which  they  would  utilize  service,  to  estimate  the  cost  of  constructing  the 
necessary  facilities  for  serving  the  community  and  to  estimate  the  probable 
revenue  and  operating  expenses  on  the  basis  of  existing  rates. 

At  present  the  Duquesne  Light  Company  serves  18  customers  in  Pine 
Township,  the  lines  having  been  constructed  to  serve  summer  homes  and 
country  estates  of  several  wealthy  Pittsburgh  families.  The  estimates 
therefore,  are  divided  into  (a)  the  cost  of  existing  facihties,  (b)  cost  of 
extension  necessary. 

Summary 

Total  number  of  Customers  and  Prospects  in  Pine  Township.  .  188 

Anticipated  Revenue  per  year $  5, 200 .  00 

Estimated  Investment  in  Pine  Township  exclusively: 

Main  Distribution  Lines $41 ,  128 .00 

Service  Lines 17,480.00 

Transformers 4 ,  751 .  00 

Meters 1,411.00 

Engineering  and  Contingencies  10 % 6, 477 . 00 

Present  Investment 10,200.00 

Total  Investment  within  Pine  Township $81 ,  447 .  00 

Operating  Expenses 

Fixed  charges  on  cost  of  facihties  within  Township  at  11  % $  8, 959 .  17 

Maintenance  and  operation  at  $75.00  per  mile 

Present  3.4  miles 255 .00 

Proposed  25.0 1,875.00 

Distribution  Losses  at  $0,015  per  Kwh. 

Present 161 .46 

Proposed 540 .00 


Total $11,790.63 

The  proportion  of  fixed  and  operating  expense  of  the  Bellevue  Substation 
properly  chargeable  to  Pine  Township  transmission  lines  and  power  station 
are  not  included  above. 

'Page  45.     Giant  Power  Survey  Report. 
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5,000,000  horsepower  can  be  put  to  work  and  not  only  not 
destroy  the  scenic  value  of  the  Falls,  but  by  concrete  rein- 
forcement at  the  edge  of  the  Falls  insure  their  perpetuity, 
which  is  now  each  year  being  threatened  by  the  rapid 
erosion  occurring  at  the  center  of  the  Horseshoe  Falls.  It 
would  seem  reasonable  that  this  be  done  and,  at  the  same 
time  give  to  the  American  and  Canadian  people  the  pro- 
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duction  of  25,000,000,000  kilowatt-hours  that  otherwise 
would  have  to  be  generated  by  steam.  This,  in  turn,  would 
save  the  transport  of  25,000,000  tons  of  coal  from  the  South 
to  these  northern  points,  some  of  which  is  of  course  being 
saved  by  the  hydro-electric  development  already  made  on 
the  Niagara  and  St.  Lawrence  rivers. 

In  spite  of  the  fact  that  the  Northeastern  States  have  the 
larger  portion  of  their  territory  within  the  economic  trans- 
mission distance  of  Niagara  Falls  and  St.  Lawrence  power 
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sources,  only  a  very  small  fraction  of  the  Niagara  power  is 
developed.  This  power  belongs  jointly  to  the  United 
States  and  Canada,  the  apportioning  of  which  has  been 
covered  by  treaty  between  the  two  governments.  The 
waters  of  the  St.  Lawrence  are  likewise  in  part  subject  to 
joint  ownership  and  control,  and  efforts  are  being  made  to 
effect  a  treaty  in  regard  to  this  great  source  of  power.  On 
the  part  of  the  United  States  complications  are  caused  by 
the  attitude  of  New  York  State  in  connection  with  its 
state-right  claims  and  by  the  unwillingness  of  that  State  to 
see  navigation  made  possible  from  the  Great  Lakes  to  the 
ocean  through  locks  on  the  St.  Lawrence,  in  the  fear  that 
this  w^ould  affect  the  commercial  position  of  New  York  and 
the  success  of  the  State  Barge  Canal  System. 

While  our  States  are  discussing  their  rights  to  water 
powers  we  are  allowing  the  water  to  run  to  waste  and  are 
consuming  millions  of  tons  of  coal  annually  that  could  be 
saved  by  the  development  of  these  powers. 

"If  we  discourage  the  development  of  this  water  power  we 
may  be  antimonopolists^  or  something  else,  but  we  certainly 
are  not  conservationists."  These  are  the  words  of  the 
Conservation  Congress  Committee. 

Type  2. — Artificial  reservoirs  with  large  storage.  This 
type  is  well  represented  by  California  systems.  The 
monthly  energy  output  for  the  years  1920  to  1924  inclusive 
show  a  wide  variation  in  the  available  water  power  both  as 
to  seasons  and  by  years.  In  1922,  86.2  per  cent  of  the 
energy  generated  by  the  electric  utilities  of  this  State  was 
produced  by  water  power,  and  only  13.8  per  cent  by  fuel. 
In  1924,  however,  note  the  striking  change,  as  but  56.4  per 
cent  of  the  energy  was  generated  by  water  and  43.6  per 
cent  by  fuel.  The  variations  are  even  more  marked  when 
we  examine  the  monthly  figures  and  may  be  even  better 
visualized  by  studying  the  accompanying  curves,  dia- 
grams, and  tables.  Attention  is  called  to  the  fact  that  in 
March,  1922,  94.4  per  cent  of  the  energy  was  produced  by 
water,  while  in  March,  1924,  only  enough  water  was  avail- 
able to  generate  44.5  per  cent  of  the  energy  produced. 
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Kilo  watt- hours 

Per  cent 

March,  1922 
Fuel             

20,716,000 
291,576,000 

5  6 

Water  power 

94.4 

Total 

August,  1922 

Fuel      

312,292,000 

66,688,000 
358,344,000 

13.2 

Water  power 

86.8 

Total          

425,032,000 

48,602,000 
319,343,000 

December,  1922 

Fuel      

13.3 

Water  power 

86.7 

Total 

March,  1924 

Fuel        

367,945,000 

248,960,000 
201,302,000 

55.5 

Water  power 

44.5 

Total          

450,262,000 

282,504,000 
210,653,000 

August,  1924 

Fuel             

57.4 

Water  power 

42.6 

Total 

December,  1924 

Fuel              

493,157,000 

150,726,000 
298,876,000 

33.5 

Water  power 

66.5 

Total        

449,602,000 

Year  1922 


Year  1924 


Fuel 

Water  power. 


13.8  per  cent  steam 
86 . 2  per  cent  water 


43 . 6  per  cent  steam 
56 . 4  per  cent  water 
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The  year  1924  was  an  exceptionally  dry  one  throughout 
the  whole  country. 

Type  3. — Run  of  river  plants  subject  to  seasonable  varia- 
tions, with  limitation  in  storage  where  both  extremes  of 
high  and  low  water  reduce  output. 
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Here  very  large  steam  reserve  equipment  is  required.  A 
notable  example  of  variation  in  stream  flow  is  that  of  an 
eastern  river,  where  at  a  time  of  unusual  freshet  an  esti- 
mated flow  of  500,000  cubic  feet-seconds  occurs.  This 
river  has  an  average  flow  of  40,000  cubic  feet-seconds 
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with  a  minimum  of  3000  (with  one  exception  about 
twenty  years  ago,  when  in  a  very  dry  season  it  was  only 
2200)  cubic  feet-seconds.  As  the  river  is  navigable  and  its 
shores  are  extensively  developed  and  low,  the  impounding 
of  a  large  reserve  of  water  would  be  economically  impos- 
sible; so  that,  of  necessity,  the  hydro-electric  development 
shows  a  very  wide  range  of  capacity  throughout  the  year — 
the  useful  fall  being  decreased  in  flood  seasons  by  back 
water  and  limited  in  dry  seasons  by  lack  of  water, 
so  that  only  during  certain  periods  can  the  full 
head  and  generating  capacity  be  utilized.  Its  effect  on  the 
steam  and  hydro-electric  energy  used  in  the  State  is  shown 
in  the  monthly  output  curve  (Fig.  25). 

When  a  power  company  builds  a  dam,  creating  a  large 
artificial  lake,  the  spring  run-off  is  conserved  for  use  in  the 
dry  season  very  much  as  in  city  water  supply  systems — hut 
with  this  difference — the  electric  power  plant  wastes  or  con- 
taminates none  of  the  water,  but  returns  it  intact  to  the 
stream.  Every  dollar,  therefore,  which  is  spent  by 
the  power  company  for  its  dams  is  a  free  contribution  to  the 
farmer,  as  it  makes  more  water  available  in  the  dry  season 
for  irrigation,  whereas  water  stored  for  city  water  supply  is 
taken  away  from  the  stream  and  ultimately  finds  its  way  to 
the  oft-time  distant  sewer,  where  it  is  valueless— in  fact,  a 
menace  to  health.  In  addition,  the  farmer,  in  the  case  of 
the  power  company,  profits  with  others  in  securing  a  cheap 
source  of  power. 

Extensive  impounding  of  large  river  flow  is  not  always 
feasible,  but  limited  impounding  with  successive  plants  on 
certain  streams  and  rivers  is  possible,  and  by  successive 
operation  of  such  stations  a  more  continuous  generation 
of  power  may  be  secured  by  the  interconnection  of  the 
developed  powers. 

Comparable  Statistics. — Since  the  practice  of  superpower 
is  intimately  related  to  the  economic  co-ordination  of  elec- 
tric utility  companies,  involving  both  physical  and  financial 
relations,  the  engineering  and  operating  data  which  must  be 
collected  and  analyzed  should  be  accurate  and  comparable. 
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It  is  current  practice  to  rate  fuel  efficiency  by  the  pounds 
of  coal  consumed  per  kilowatt-hour  generated.  In  view  of 
the  wide  variation  in  the  thermal  values  of  coals  from  dif- 
ferent coal  fields  and  even  from  mines  in  the  same  district, 
this  method  cannot  be  too  strongly  condemned.  Coal  from 
different  parts  of  the  country  vary  in  heat  value  from  8000 
to  15,000  B.t.u.  per  pound.  Therefore,  reports  based  on 
coal  consumption  per  kilowatt-hour  are  in  no  way  com- 
parable. Some  of  the  Middle  West  and  Western  plants 
are  operating  with  coal  having  45  per  cent  lower  thermal 
value  than  is  contained  in  the  higher-grade  fuel  used  in  cer- 
tain large  plants  on  the  Atlantic  Seaboard.  As  every  central 
station  should  certainly  determine  by  test  the  quality  of 
all  coal  purchased,  it  should  be  easy  for  them  to  report 
results  in  B.t.u.  per  kilowatt-hour  and  thus  be  able  to  inter- 
change thoroughly  comparable  data.  Without  such  a 
uniform  basis  for  comparison  it  is  impossible  to  analyze 
results  secured  by  new  methods. 

The  same  argument  holds  good  when  oil  is  used,  except 
that  in  this  case  a  second  factor  enters,  to  wit,  as  to  whether 
the  oil  is  used  under  the  boiler,  in  Diesel  engines,  or  in  its 
refined  form  as  gasoline  or  kerosene  in  internal-combustion 
engines.  Consequently,  the  usual  rating  of  4  barrels  of  oil 
to  1  ton  of  coal  is  approximately  correct  for  B.t.u.  compari- 
son, but  a  thoroughly  fallacious  method  when  using  this 
ratio  in  terms  of  power  production. 

In  published  records.  New  York,  Illinois,  Massachusetts, 
Michigan,  Pennsylvania,  and  other  States,  where  the  bulk 
of  the  current  is  generated  in  plants  with  large,  efficient 
units  serving  territory  having  high  load  factors,  show  aver- 
age results  of  2  pounds  of  coal  per  kilowatt-hour,  while 
the  State  of  Florida,  with  its  small  stations  and  poor  load 
factors  (due  to  the  absence  of  large  industrial  load),  utilizes 
only  1.71  pounds  of  coal  per  kilowatt-hour.  The  explana- 
tion is  doubtless  due  to  the  general  use  of  oil  for  fuel  and 
for  power. 

It  is  not  generally  appreciated  that  in  modern  steam- 
turbine  plants  between  600  and   1000  tons  of  water  are 
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required  for  condensing  purposes  for  each  ton  of  coal 
burned  under  the  boilers. 

One  of  the  proposed  superpower  plants  of  300,000- 
kilowatt  capacity,  using  only  16,000  B.t.u.  of  coal  per 
kilowatt-hour  generated,  might  require  about  3,400,000 
cubic  feet  of  water  an  hour  for  condensing  purposes,  if 
operating  at  a  62  per  cent  capacity  factor.  This  would  call 
for  646,000,000  gallons  a  day,  or  nearly  equal  to  the  amount 
furnished  by  the  water  supply  system  of  Greater  New  York, 
serving  its  6,000,000  people  and  vast  commercial  and 
manufacturing  interests. 

There  is  another  unfortunate  lack  of  uniformity  in  exist- 
ing practice  that  is  even  more  varied — namely,  in  the 
peak-load  period  used  in  determining  annual  load  factor. 

The  use  of  the  average  highest  peak  over  a  60-minute 
period  is  believed  to  be  the  most  desirable — yet  of  50  large 
companies  recently  reporting  the  annual  peak  in  their  system 
42  designated  other  than  the  one-hour-period  average, 
with  the  result  that  the  annual  load-factor  figures  obtained 
were  of  little  value  for  comparative  study.  The  periods 
used  in  these  reports  varied  from  instantaneous  peak  read- 
ing to  a  period  of  8  hours'  duration.  Studies  of  plant 
economies  effected  by  improved  diversity  of  load  are,  there- 
fore, made  difficult  and  unreliable. 

In  a  recent  investigation  and  report  made  by  the  author, 
which  applied  to  a  large  regional  zone  involving  some  3,500,- 
000  kilowatts  of  capacity,  it  was  found  that  this  generating 
capacity  could  be  separated  into  three  very  distinct  classes, 
those  of 

1.  Actual  generating  capacity. 

2.  Rated  generated  capacity. 

3.  Effective  plant  capacity. 

While  the  actual  generating  capacity  was  3,488,600 
kilowatts  the  actual  effective  plant  capacity  was  3,067,700, 
and  the  rated  generating  capacity  3,178,000  kilowatts. 

The  effective  plant  capacity  is  the  actual  capacity  that 
can  be  attained,  taking  into  account  all  limitations — as, 
for  example,  in  respect  to  boilers,  condensing  water,  stacks, 
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fans,  etc.  The  rated  capacity  applies  only  to  the  nameplate 
capacities  of  the  generators.  Actual  generating  capacity 
again  refers  only  to  the  nameplate  capacity  of  the  genera- 
tors, but  includes  also  the  additional  capacity  that  can  be 
attained  through  safe  overloading  of  the  generating 
equipment. 

It  is,  therefore,  extremely  important  in  analyzing 
capacity  statements  to  know  under  which  classification  they 
fall. 


CHAPTER  XIV 

PROCESS  FUELS  AND  PULVERIZED  COAL 

It  has  occurred  to  the  author  that  what  was  said  in  the 
Superpower  Report  (1920)  on  the  subject  might  be  of  inter- 
est, and  as  it  was  one  of  the  shortest  chapters  of  that  Report 
it  is  hf ted  out  bodily  and  quoted  below : 

APPENDIX  K 

USE  OF  PROCESS  FUELS  AND  PULVERIZED  COAL  FOR  BASE- 
LOAD  STEAM-ELECTRIC  PLANTS 

By  O.  P.  Hood  and  Others  of  the  Engineering  Staff 

Conclusions  Relative  to  the  Use  of  Process  Fuels 

In  considering  the  use  of  process  fuels  by  base-load  steam-electric  sta- 
tions it  has  been  necessary  to  fix  certain  limitations  to  the  study,  which 
must  necessarily  be  a  general  one  covering  the  entire  superpower  zone. 
The  study  was  therefore  confined  to  processes  that  have  reached  the  stage  of 
commercial  development.  The  fixed  charges  against  the  investment  cost 
in  the  by-product  plants  have  invariably  been  taken  at  20  per  cent — 10  per 
cent  for  the  cost  of  money,  8  per  cent  for  depreciation  and  obsolescence, 
and  2  per  cent  for  taxes  and  insurance.  At  the  same  time  the  operating 
costs  have  been  taken  at  $1.35  per  ton  of  coal  carbonized,  and  the  prices 
credited  for  by-products  are  those  given  below. 

In  a  base-load  steam-electric  plant  under  present  conditions  coal  must 
generally  be  used  in  the  raw  form  in  order  to  produce  cheap  power.  Local 
conditions  will  justify  certain  exceptions  to  this  practice.  At  large  centers 
of  population  it  may  be  found  profitable  to  install  process-fuel  plants  in 
conjunction  with  base-load  steam-electric  stations  if  the  gas  produced  by 
the  plants  can  be  sold  at  a  profit,  particularly  where  a  process  is  used  that 
will  yield  gas  which  has  a  very  high  heating  value  and  which  can  be  used 
to  enrich  water  gas  made  by  the  gas  companies. 

Coal  is  subjected  to  a  preliminary  process  for  two  purposes — to  place  its 
energy  in  a  more  desirable  form  and  to  recover  valuable  products.  If 
power  is  produced  by  the  use  of  either  coke  or  gas  from  process-fuel  plants 
the  value  of  the  remaining  products,  when  credited  to  the  cost  of  such 
fuels,  is  not  sufficient  to  reduce  the  cost  below  that  of  raw  coal.  As  certain 
by-products  are  essential  in  time  of  war  regardless  of  cost,  however,  it  is 
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desirable  in  selecting  a  site  for  a  superpower  plant  to  provide  space  for  a 
processing  plant. 

Accordingly,  provision  is  made  in  the  estimated  costs  for  base-load  steam- 
electric  plants  both  for  the  location  of  process-fuel  plants  and  for  boiler- 
room  construction  that  will  permit  the  use  of  process  fuel  at  a  later  date  if 
it  is  found  advisable. 

Sources  of  Process  Fuels 

Four  sources  of  process  fuels  for  base-load  steam-electric  plants  have 
been  considered — by-product,  coke-oven  plants  furnishing  coke,  by-prod- 
uct coke-oven  plants  furnishing  gas,  low-temperature  distillation  plants 
furnishing  semicarbocoal,  and  bituminous  gas  producers  furnishing  gas. 

The  credits  used  for  by-products  are  as  follows : 
Gas,  30  cents  per  thousand  cubic  feet. 
Tar,  4  cents  per  gallon. 
Light  oils,  15  cents  per  gallon. 
Ammonium  sulphate,  2}^  cents  per  pound. 
Coke,  including  breeze,  $10  per  short  ton. 

The  base-load  steam-electric  plants  for  which  process  fuel  will  be  furn- 
ished are  assumed  to  be  300,000-kilowatt  plants  having  an  annual  capacity 
factor  of  70  per  cent.  Sufficient  process-fuel  plant  capacity  must  be  pro- 
vided to  meet  variations  in  the  load  of  the  steam-electric  plants. 

The  average  cost  of  gas  coal  for  carbonization  is  taken  at  $6.11  per  short 
ton;  the  cost  of  Clearfield  coal  used  directly  in  the  power  plant  is  taken  at 
$6.25  per  short  ton. 

For  process-fuel  plants  the  unit  operating  cost,  exclusive  of  fuel,  has  been 
placed  at  $1.35  per  short  ton  of  coal  carbonized,  and  the  fixed  charges  have 
been  taken  at  20  per  cent. 

Table  99  gives  the  result  of  this  study.  With  the  exception  of  gas  from 
by-product  coke-oven  plants,  process  fuel  is  shown  to  cost  more  than  coal. 
Moreover,  the  heavy  investment  required  for  d.  coke-oven  plant  producing 
gas  as  the  process  fuel,  combined  with  the  transportation  difficulties  in  dis- 
tributing the  bj^-products,  makes  its  use  as  a  source  of  process  fuel  impracti- 
cable. The  coke  produced  by  one  such  plant  would  amount  to  26  per  cent 
of  the  total  per  cent  coke  requirement  of  the  superpower  zone,  and  even 
if  the  existing  coke-producing  facilities  in  the  zone  are  ignored,  it  would 
require  only  four  plants  of  this  size  to  satisfy  the  entire  coke  demand  of 
the  zone.  Furthermore,  over  760  special  railroad  cars  daily  would  be 
required  to  distribute  the  coke  output  of  one  such  plant  to  its  market  and 
at  the  same  time  about  590  cars  additional  to  bring  the  coal  to  the  plant. 
Compared  to  this,  only  about  70  cars  a  day  would  be  needed  to  convey 
coal  to  the  300,000-kilowatt  steam-electric  plant  burning  raw  coal. 

For  low-temperature  distillation  plants  the  by-products  have  been 
credited  at  $4.22  per  short  ton  of  coal  carbonized,  which  is  28  cents  less  than 
the  credits  claimed  by  the  Carbo  Coal  Co.,  but  this  difference  is  immaterial, 
because  to  make  this  process  profitable  under  present  conditions  more  than 
$5.15  per  short  ton  of  coal  carbonized  must  be  realized  from  the  by-products. 
Although  the  carbocoal  process  has  been  selected  for  analysis,  as  it  is  further 
advanced  technically  than  any  of  the  other  low-temperature  distillation 
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processes,  semicarbocoal  has  not  yet  been  used  extensively  in  large  power 
plants. 

It  is  fundamentally  necessary,  where  the  processing  of  fuel  is  combined 
with  the  production  of  power,  that  a  minimum  number  of  heat  units  be 
lost  to  the  steam-electric  plant.  Tar,  oils,  and  ammonium  sulphate  con- 
tain relatively  few  heat  units,  and  therefore  in  the  recovery  of  these  by-prod- 
ucts a  large  portion  of  the  original  heat  units  remain  available  for  making 
steam. 

The  results  set  forth  above  justify  the  conclusions  given  in  the  preceding 
section. 

Use  of  Gas  from  Process-fuel  Plants  in  Internal-combustion 

Engines 

Gas  engines  have  a  higher  thermal  efficiency  than  prime  movers  that  use 
steam,  but  they  are  so  deficient  in  other  characteristics  that  they  cannot 
at  present  be  considered  for  superpower  plants.  The  gas  engine  has  not 
been  developed  in  units  of  a  size  comparable  with  steam  turbines,  and 
investment  and  production  costs  for  gas  engines  are  much  higher.  These 
disadvantages  outweigh  the  advantage  gained  by  their  higher  thermal 
efficiency. 

Pulverized  Coal 

Pulverized  coal  has  been  successfully  used  in  cement  kilns  and  metallurgic 
furnaces  for  some  time,  but  it  is  only  in  recent  years  that  sufficient  progress 
has  been  made  in  its  adaptation  to  boiler  furnaces  to  warrant  its  considera- 
tion. However,  no  large  power  plants  have  used  this  form  of  fuel  long 
enough  to  give  a  reliable  indication  of  the  results. 

As  the  future  development  of  firing  pulverized  fuel  may  warrant  its  sub- 
titution  for  stokers,  provision  is  made  in  the  power  station  for  sufficient 
combustion-chamber  volume  to  allow  the  installation  to  be  quickly  and 
cheapl}'^  changed. 

Since  these  facts  were  presented  nearly  five  years  ago,  it 
is  of  much  interest  to  refer  to  the  recent  valuable  and 
instructive  study  presented  by  F.  G.  Tryon  of  the  U.  S. 
Geological  Department  in  his  article,  ''Coke  and  By- 
products in  1922,"  issued  by  the  Department  of  the  Inte- 
rior, 1924.  Mr.  Tryon,  under  the  caption  of  "Demand for 
By-products,"  says: 

''In  the  discussion  of  capacity  of  by-product  ovens  now  built 
or  under  construction,  it  was  pointed  out  that  the  demand 
for  coke  sets  a  limit  beyond  which  the  industry  may  not  prof- 
itably go.  Other  limits  are  set  by  the  demand  for  by-products. 
Although  the  markets  of  the  country  have  adjusted  themselves 
to  a  rapid  increase  in  the  supply  of  by-products  thus  far,  it  does 
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not  follow  that  they  can  absorb  an  mdefinite  increase  without 
decline  in  price.  It  is  a  common  error  to  calculate  the  potential 
value  of  the  by-products  of  bituminous  coal  by  multiplying  the 
total  quantity  of  raw  coal  burned  in  the  country  by  the  average 
yield  of  by-products  from  the  best  by-product  coal  and  multiply- 
ing this  product  in  turn  by  the  high  market  prices  of  the  last  few 
years.  Such  estimates  have  contributed  largely  to  a  recognition 
of  the  wastefulness  of  burning  the  raw  coal  and  have  made  clear 
the  need  for  further  study  of  the  problems  of  by-product  utiliza- 
tion, but  they  have  also  bred  extravagant  ideas  as  to  the  rate  at 
which  development  of  by-product  coking  can  go  on.  If  all  the 
bituminous  coal  ordinarily  produced  in  the  United  States  were 
coked  and  the  by-products  were  recovered,  ten  or  twelve  times 
the  present  quantities  of  by-products  would  be  thrown  on  the 
market,  which  could  not  absorb  so  great  a  quantity  immediately." 

Under  the  guidance  of  these  sensible  remarks  it  seems  to 
me  that,  while  it  is  most  important  that  we  give  the  most 
careful  consideration  to  the  art  of  processing  fuels,  we  must 
be  ever  mindful  of  three  essential  economic  factors  asso- 
ciated with  procedure  in  this  line: 

1.  That  the  total  market  can  absorb  only  about  one- 
tenth  of  coal's  by-products  (coke,  gas,  ammonium  sulphate, 
tar,  and  oil). 

2.  That  by-product  processes  are  peculiarly  related  to 
local  absorption  of  the  products  produced. 

3.  That,  since  we  are  detracting  from  the  thermal  value 
of  the  fuel  in  extracting  by-products  from  it,  the  only 
economic  advantage  in  doing  so  will  be  that  the  value  of 
the  by-products  represents  a  higher  market  value  than  the 
thermal  units  that  are  removed,  as  determined  by  the 
power  they  can  produce. 

It  follows,  therefore,  that  the  electric  utility  companies 
using  fuel  from  which  the  by-products  have  been  extracted 
must  also  be  the  owners  of  the  by-product  plants.  This 
calls  for  a  large  investment  of  the  utility  company's  funds 
in  a  business  diversified  from  its  own.  Such  reasons  and 
others  are  the  determining  influence  against  some  of  our 
more  enthusiastic  (though  well-meaning)  friends  who  point 
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to  the  enormous  wastes  going  on  by  virtue  of  the  non- 
processing  of  coal. 

Thus  the  conclusions  of  the  Superpower  Report  as  apply- 
ing in  1920  hold  good  for  1925  and  confirm  the  opinion  then 
held  that  the  economic  value  of  processing  coal  is  one 
requiring  careful  study  in  especial  relation  to  the  locality 
where  its  use  was  proposed. 

We  were  in  1920  on  the  threshold  of  some  very  interest- 
ing experiments  upon  the  use  of  pulverized  coal.  Today, 
very  great  progress  in  the  art  has  been  effected.  No  super- 
power station  is  built  without  giving  full  consideration  to 
the  firing  of  furnaces  by  coal  in  this  form.  Some  very 
large  and  important  central  stations  have  been  constructed 
in  which  pulverized  coal  is  used  and  a  new  art  has  been 
introduced,  which,  in  my  belief,  will  continue  to  be 
improved  and  have  wider  application. 


CHAPTER  XV 
COLLATERAL  FACTS  AND  CONCLUSIONS 

The  Northeast  Atlantic  Seaboard  is  distinct  in  that  its 
load  centers  are  of  massive  character.  The  annual  incre- 
ment of  load  calls  for  the  installation  of  very  large  gen- 
erating units,  and  it  would  be  unnatural  and  uneconomic  to 
place  these  at  points  other  than  as  near  to  the  load  centers 
as  possible.  However,  though  the  increment  in  load 
requirement  may  be  greater,  the  law  of  diversity  economy 
applies  here  as  elsewhere.  Diversity  as  to  capacity  require- 
ment should  be  recognized  and  utilized.  This  applies 
equally  well  to  the  choice  of  generating  units,  in  order  to 
secure  the  most  economic  operation  for  base  load. 

As  pointed  out  in  the  Superpower  Survey,  there  is  very 
marked  diversity  of  capacity,  and  this  is  increasing,  between 
the  Pennsylvania  coal  mining  region  and  that  of  the  tide- 
water district.  We  cannot  for  a  moment  overlook  the  fact 
that  the  real  measure  of  economic  interconnection  is  tied  in 
with  the  law  that  the  annual  costs  (fixed  and  operating)  of 
the  interconnecting  transmission  systems  must  be  less  than 
those  applying  to  the  installation  of  local  generating  equip- 
ment, and  the  constant  challenge  of  interconnecting  lines 
is  that  they  wdll  reduce  generating  and  reserve  capacity, 
and  the  larger  the  load  requirement  the  greater  is  the  pos- 
sibility in  the  reduction  of  both. 

I  want  also  to  point  out  that  in  the  Northeast  Superpower 
Zone,  there  are  corporate  and  physical  structures,  which,  on 
the  average,  are  the  largest  in  the  world.  They  are  having 
an  enormous  growth.  Each  company  carries  its  own  tradi- 
tions. They  are,  so  to  speak,  little  kingdoms  unto  them- 
selves, but,  like  the  smaller  companies,  each  one  of  them 
is    subject    to    public    regulation.     They    are    constantly 
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expanding,  and,  while  their  general  policies  are  the  same, 
yet  they  are,  by  virtue  of  their  size  and  importance,  com- 
plete entities,  each  strong  in  the  desire  to  outdo  the  other 
in  winning  prestige  and  recognition  of  the  American  public 
as  measured  by  the  record  of  service  rendered.  Big  things 
move  slowly  and,  while  the  principles  of  the  superpower 
movement  are  applicable  to  this  great  zone  of  large  com- 
panies, the  thought  of  their  corporate  consolidation,  while 
not  impossible,  is  a  weighty  matter.  It  has  attributes  of 
gigantic  proportion. 

Possibly  here  in  the  East  physical  rather  than  corporate 
consolidation  may  be  the  first  step,  yet  it  can  be  added  that 
corporate  prior  to  physical  consolidation  would  not  be 
required  anywhere,  provided  the  leaders  in  the  field  of 
power  production  subordinate  their  individual  interests  to 
the  interest  of  the  whole — the  public.  We  are  rapidly 
swinging  into  this  field  of  action  and  the  path  that  lends 
the  best  speed  to  such  a  result  is  the  one  the  public  will  in 
the  end  demand. 

Adequate  power  and  transportation  are  the  two  adjuncts 
which  a  nation  must  possess  to  insure  its  industrial  growth. 
Superpower  is  the  working  and  highly  efficient  tool  to 
guarantee  this  result.  Industry  must  find  free  flow  for 
local  and  foreign  distribution  of  its  products.  No  more 
important  future  customer  to  the  electric  industry  exists 
than  transportation.  Industry  needs  power — so  does  trans- 
portation. The  failure  of  one  means  the  failure  of  the 
other.  As  yet,  the  electric  industry  has  practically  left 
untouched  heavy  transportation,  as  a  customer.  Today, 
industry  is  electricity's  greatest  customer.  That  its  growth 
should  not  be  checked,  the  electrical  industry  should  place 
itself  shoulder  to  shoulder  with  transportation  in  the  solu- 
tion of  the  difficult  problems  which  the  latter  must  face  in 
the  future.  Notwithstanding  its  handicaps,  transportation 
is  making  a  wonderful  comeback.  The  public,  recognizing 
that  its  own  interests  are  involved,  has  taken  up  the  fight, 
and  will  see  to  it  that  all  unnecessary  barriers  are  removed 
from  its  path.     Fortunately,  at  just  this  time  we  are  able 
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to  introduce  a  new  and  powerful  ally,  in  superpower,  to 
accelerate  this  public  interpretation  of  what  shall  be  done. 

It  has  been  pointed  out  previously  that  the  amount  of 
electrical  energy  required  for  transportation  in  the  heavy 
traction  field  is  comparatively  small  as  compared  to  that 
required  for  industry.  Specifications  concerning  the  refine- 
ments of  the  power  for  railroads  are  not  so  drastic  as  for 
lighting  and  industry,  the  principal  requirements  being 
adequacy  and  reliability,  and,  consistent  with  the  cost, 
an  assurance  of  the  proper  return  to  the  electric  utilities 
producing  the  power.  Today  the  rapidly  spreading  net- 
work of  high-tension  transmissions  gridironing  the  country, 
just  as  the  rails  have  been  extended  in  previous  years,  will 
make  available  to  the  railroads  almost  at  every  point  in  the 
country  a  reliable  source  of  electric  energy. 

It  has  become  almost  as  difficult  for  the  electric  company 
to  find  paths  above  the  ground  for  the  distribution  of  its 
energy  as  it  has  become  for  the  railroads  to  find  places  upon 
it  for  the  laying  of  their  rails.  The  railroads  should 
furnish  the  unoccupied  air  spaces  above  their  rights-of-way 
to  the  electrical  utilities  which,  in  turn,  could  then  fur- 
nish the  energy  in  a  form  that  would  permit  doubling  and, 
in  some  instances,  quadrupling  the  tonnage  movement  on 
existing  tracks;  thus  eliminating  the  necessity  of  acquiring 
additional  and  expensive  rights-of-way.  Indeed,  there  are 
places  where  the  purchase  of  additional  right-of-way  would 
be  well  nigh  impossible. 

Here  it  is  of  interest  to  point  out  the  fact  that,  due  to 
State  and  Federal  control  and  interference  with  railroad 
initiative,  and  to  excessive  taxation,  which  have  resulted  in 
decreased  net  revenues,  our  railroads  have  been  extending 
their  lines  less  than  1000  miles  a  year  since  1916.  In  1920, 
1921,  and  1922,  only  314,  475,  and  324  miles  respectively 
were  added  to  the  total  railroad  mileage  of  the  country  as 
against  an  average  of  about  4700  miles  a  year  from  the  years 
1900  to  1910.  Thus  the  laying  of  new  rails  has  practically 
ceased.  Traffic,  however,  on  existing  fines  is  increasing  and 
larger  capacity  of  movement  depends  on  increased  capacity 
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and  greater  efficiency  in  motive  power  and  this  can  best  be 
effected  by  the  use  of  the  electric  locomotive. 

France  has  planned  the  electrification  of  her  principal 
railway  systems — notably,  the  Midi,  the  Paris  &  Orleans, 
Lyons,  and  the  Mediterranean-Lyons  lines.  The  total 
length  of  the  electrifications  now  contemplated  is  approxi- 
mately 5500  miles.  This  will  call  for  the  expenditure  of 
5,000,000,000  francs,  of  which  1,800,000,000  francs  will  be 
expended  on  central  stations  and  distribution  network, 
1,400,000,000  francs  on  lines  and  substations,  and  1,800,- 
000,000  francs  on  locomotives.  If  France — bled  white  by 
the  World's  War — can  plan  such  extensive  developments  at 
this  time,  surely  the  United  States  should  be  able  to  carry 
out  its  superpower  schedule  with  attendant  railroad  elec- 
trification in  zones  where  railroad  traffic  is  already  congested 
and  power  has  no  great  margin  even  to  meet  industrial 
needs. 

Power  plants  designed  according  to  the  best-known 
existing  standards  and  built  at  great  cost  by  the  citizen 
investor  have  year  by  year  been  discarded  for  those  which 
would  give  more  reliable  and  cheaper  service  and  at  the 
same  time,  conserve  our  fast  disappearing  coal  reserve. 
A  concrete  example  is  shown  by  the  history  of  the  Common- 
wealth Edison  Company  of  Chicago.  In  1912,  its  output 
was  800,000,000  kilowatt-hours,  and  to  produce  this  energy, 
1,103,200  tons  of  coal  were  used.  If  this  800,000,000 
kilowatt-hours  had  been  produced  with  the  apparatus  of 
1902,  it  would  have  required  2,650,000  tons  of  coal.  Thus, 
the  improvement  in  generating  practice  resulted  in  an 
annual  saving  of  1,546,770  tons  of  coal.  The  1923  output 
of  2,573,286,711  kilowatt-hours  required,  2,573,000  tons 
of  coal.  This  output  with  the  apparatus  of  1902  would 
have  called  for  the  use  of  8,570,000  tons  of  coal — a  saving 
of  about  6,000,000  tons,  or  the  equivalent  of  one-seventh  of 
all  the  coal  used  in  the  United  States  in  electric  utiUty 
power  generation. 

Another  example  is  that  of  the  Consolidated  Gas  and 
Electric  Company  of  Baltimore.     In  1924,  only  1.58  pounds 
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of  coal  were  required  per  kilowatt-hour  generated,  as 
against  7  pounds  in  1903.  Expressed  in  another  way, 
only  22.5  per  cent  as  much  coal  was  consumed  per  kilowatt- 
hour  generated  in  1924  as  that  which  was  required  in  1903. 

With  these  examples  of  efficiency  under  private  manage- 
ment the  question  naturally  frames  itself:  Would  the 
political  management  of  a  municipal  plant  in  order  to 
effect  such  economies  in  production,  have  had  the  courage 
to  ask  the  taxpayer  to  approve  of  a  further  bond  issue 
to  buy  more  modern  equipment  and  scrap  apparatus 
purchased  with  the  proceeds  of  earlier  bond  issues  still 
outstanding? 

Though  conscious  of  the  vastness  of  the  subject  and  the 
desire  to  delve  more  deeply  into  its  many  fascinatingly  inter- 
esting ramifications,  yet  I  realize  a  halt  must  be  called. 
It  is  the  hope  of  the  author,  however,  that  the  preceding 
chapters,  particularly  those  in  advance  of  this  one,  have  in 
the  main  presented,  in  some  sequence,  the  principal  features 
of  this  problem,  on  which  our  great  American  public  will 
concentrate  their  thought  and  action.  To  the  carrying  out 
of  the  principles  of  superpower,  the  foundations  of  which 
are  now  being  laid,  that  public  will  look  to  the  leaders  of 
the  electrical  industry,  the  manufacturing  interests,  and 
the  rairoads.  Vast  sums  of  money  will  have  to  be  expended 
and  before  this  can  be  done  it  will  have  to  be  collected, 
the  agents  for  that  purpose  being  the  American  banks  and 
investment  companies. 

All  this  can  and  will  be  done,  but  it  will  not  be  well  done 
unless  politics  is  eliminated  from  the  pictures  and  the 
public  placed  in  full  possession  of  the  facts.  Once  these 
are  in  their  hands,  nothing  can  prevent  its  accomplishment. 
The  public  want  nothing  less  than  a  fair  deal  and  noth- 
ing less  than  their  full  knowledge  of  the  facts  will  con- 
stitute a  fair  deal.  Upon  the  occasion  of  one  or  two 
addresses  I  have  used  the  expression  apropos  of  the  recent 
World  War.  We  have  spent  billions  for  destruction  for 
preservation  now  let  us  spend  billions  for  construction 
for  conservation. 
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If  we  are  to  have  public  ownership,  let  us  not  confuse 
it  with  political  ownership.  Let  it  be  a  real  public  owner- 
ship— and  such  ownership  means  that  our  utility  securities 
are  to  be  given  the  widest  distribution,  so  that  their  owners 
will  be  the  American  public — the  while  recognizing  that  our 
State  and  Governmental  authorities  are  the  arbiters  as  to 
the  investment  required  for  physical  structure  and  as  to 
the  rates  for  the  power  which  is  produced.  To  transfer 
this  ownership  from  the  people  to  the  politician  would  cause 
our  wonderful  power  structure  built  under  the  power  of 
initiative  to  crash. 
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